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ABSTRACT 
Gene or genome mapping is important for the study of gene structure and function, 
and the planning of subsequent genetic manipulations. The analysis of complex genomes 
such as those of the mammalian species has revealed that genes can be grouped into families 
and in many gene families the members are found in clusters e.g. the globin, casein and 
fibrinogen genes. It is evident that these clusters arise from gene duplication events. Some 
of these gene clusters are expressed in a co-ordinated manner. Therefore, the analysis of 
complex loci composed of related genes can contribute to both our understanding of the 
long range regulation of gene expression and the mechanisms of gene evolution. In the 
present study, experiments were carried out 1) to construct a physical map of the murine 
casein locus 2) to analyse expression levels of various casein genes during pregnancy and 
lactation and 3) to identify genetic variation at the casein loci amongst different mouse 
strains. 
The murine casein locus has been characterised by long range restriction 
mapping and the analysis of long fragment genomic clones. Cloned sequences from five 
mouse casein genes (a, 13, 7, i, K) were used to screen a murine (strain 129) genomic library 
in a bacterial artificial chromosome vector (BAC). Of the nine clones isolated, two 
contained 3 casein genes a, 13, y and 7, C, K respectively. The following combinations were 
found in other clones - a + 13; 13+ y; y + c. Thus, I deduced that the gene order in the locus is 
a— 13- y— C-K. I have confirmed this order by restriction analysis of the clones. A contig 
map of the clones and flanking sequences has been established by characterising seven BAC 
clones, which together span —470 kb. Long range restriction analysis of genomic DNA 
indicates that the murine casein locus is confined to a 250 kb XhoI partial fragment. The 
orientations of the casein genes, except one are also established. The a, y and K genes have 
the same 5'-3' orientation while the P gene is orientated in the reverse pattern. The present 
data indicate that the murine casein locus is larger than the bovine locus with an additional 
(fifth) gene, c. 
Expression studies of casein genes at various time points during pregnancy and 
lactation revealed a co-ordinate expression pattern for the three (a, 13 and y) calcium 
sensitive genes from mid pregnancy to parturition. Interestingly, the fourth calcium 
sensitive casein gene, c exhibited a totally different expression profile. The -casein mRNAs 
were detectable only from first day of lactation. The K-casein mRNA levels also increased 
from mid pregnancy onwards but at a lower rate as compared to a, 13 and y casein mRNAs. 
The reason for the transcriptional suppression of the c casein gene is not clear and the 
mechanism can be unravelled only by further studies. 
3)The genetic variation in the casein loci of Mus musculus (eight different strains) 
and Mus sprerus was also examined as restriction fragment length variants (RFLVs) using 
five restriction enzymes, BarnHI, Sf1, HindIll, EcoRI and XbaI. No variation was observed 
between the inbred strains (C57/BL6, C3H, NIH, CBA, DBA, 129, SJL, BALB/c) of Mus 
musculus. Between Mus musculus and Mus spretus RFLVs were observed at the casein loci 
- a (BamHl, Sf1, XbaI and EcoRl), 13 (Barn HI and Sf1) y (BarnHI, Sf1, XbaI, HindIII and 
EcoRI) c (BamHI, Sf1, Hindlil and EcoRI) and K (BamHl, XbaI and Hindlil). 
In the longer term, the information obtained from the present mapping study and the 
clones isolated (129 strain) can be used to manipulate the casein locus in embryonic stem 
(ES) cells as most gene targeting experiments are carried out in ES cells isolated from 129 
mice. Gene targeting is more effective if the targeting DNA is prepared from isogenic DNA. 
It is also advantageous to use isogenic DNA derived maps in targeting experiments. Thus, 
the results of this study could not only contribute to basic studies on genome structure and 
function but also in the longer term underpin applications in biotechnology and 
agriculture/industry. 
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Gene or genome mapping contributes to the study of gene structure and 
function, and the planning of subsequent genetic manipulations. There are two 
major approaches to genome mapping - i) genetic (linkage) mapping and ii) 
physical mapping. The assignment of genes to specific linkage groups and the 
determination of their relative distance to other known genes is called genetic, 
linkage or recombination mapping. In a physical map, the mapped elements are 
assigned to physical locations with varying degrees of accuracy, so that each 
element can be positioned in the genome. Physical mapping techniques include in 
situ hybridisation to chromosomes or extended DNA molecules, long range 
restriction enzyme mapping and contig building. The ultimate physical map is the 
DNA sequence itself. This may help to unravel the relationship between the 
arrangement of genes and their expression. 
The analysis of complex genomes such as those of the mammalian species 
has revealed that many genes can be grouped into families of related sequences 
with an assumed common evolutionary ancestor (reviewed by Dillon and 
Grosveld, 1993). Moreover, there are many examples of gene families in which 
the members are found in clusters e.g. the globin, casein and fibrinogen genes. It 
is evident that these clusters arise from gene duplication events. Some of these 
gene clusters are expressed in a co-ordinated manner (Dillon and Grosveld, 1993). 
Therefore, the analysis of complex loci composed of related genes can contribute 
to both our understanding of the long range regulation of gene expression and 
mechanisms of gene evolution. In this study the organisation of the murine casein 
genes will be explored. 
The caseins and their genes have been characterised in a number of species 
and these studies have revealed considerable species difference in the protein and 
DNA sequences. Expression of the casein genes is developmentally and 
hormonally regulated (reviewed by Banerjee and Antoniou, 1985). Large 
quantities of milk proteins are synthesised and secreted under the control of 
peptide and steroid hormones, and require the concomitant activation of both milk 
protein genes and "house keeping" genes. So, it is of interest to examine whether 
all of the casein genes have a common regulatory sequence which might give rise 
to common regulatory mechanisms. 
1.1. Milk proteins 
The protein composition of milk differs qualitatively and quantitatively 
among mammalian species (Table 1.1). During lactation the mammary gland 
secretes large amounts of milk protein which consists predominantly of the acid 
precipitable caseins and several whey proteins (Hennighausen and Sippel, 1982a). 
Caseins are related proteins that constitute 60-80% of milk proteins. Caseins, 
which are the major source of amino acids also transport calcium and phosphate to 
the suckling young (Waugh, 1971). The major whey proteins are a-lactalbumin 
(a-la), 3-lactoglobulin (-1g) and whey acidic protein (WAP). Alpha-lactalbumin 
influences lactose synthesis by modifying the substrate specificity of galactosyl-
transferase, and thus is important to milk synthesis since lactose is the major 
osmole of milk (Kuhn, 1983). The role of -lg is still to be resolved since milk 
from many mammalian species appears to lack this protein (Pervais and Brew, 
1985). The amino acid sequence similarities with human serum retinol binding 
protein suggests that 3-lg may bind and transport retinol or other small 
hydrophobic ligands to the infant (Godovac-Zimmermann et al., 1985). Whey 
acidic protein is reported to be present in rodent milk (Hennighausen and Sippel, 
1982b) and absent in ruminant milk. However, Simpson et al. (1996) reported the 
presence of WAP in the milk of swine. Although the function of WAP is 
Table 1. 1. Protein composition of milk from different species (modified from Martin and 
Grosclaude, 1993). 
Milk proteins Species 
(Quantity, gil) 
Cow Sheep Goat Mouse Human 
Caseins 
aSi 10.0 7.0 0.7 28.0 0.4 
aS2 3.7 7.0 4.0 ND - 
13 10.0 28.0 10.0 21.0 3.0 
K 3.5 3.5 6.0 2.4 1.0 
Whey proteins 
a-lactalbumin 1.2 0.8 1.2 trace 1.6 
13-lactoglobulin 3.3 2.8 2.3 none none 
whey acidic protein none none none 2.0 none 
Serum albumin 0.4 ND ND ND 0.4 
Lysozyme trace ND trace ND 0.4 
Lactoferrin 0.1 ND 0.1 ND 1.4 
Immunoglobulins 0.7 ND 0.5 ND 1.4 
ND - Not determined 
2a 
unknown, certain features of its primary structure suggest that it is similar to a 
family of proteins known as the "four disulfide core proteins" and in particular it 
has structural similarity to neurophysin (Hennighausen and Sippel, 1982b). 
Neurophysin is a part of the precursor to oxytocin and act as a carrier for oxytocin 
from the hypothalamus to the anterior lobe of pituitary gland. Expression of WAP 
and 3-casein RNAs were also reported in tongue, thymus, liver and pancreas and 
the neuro-intermediate lobe of pituitary gland. Since the mammary gland is a 
target tissue for oxytocin, it has been speculated that WAP might be a receptor or 
a carrier for oxytocin (Hennighausen et al., 1991). 
1.2. Caseins 
The protein content of mouse milk is relatively high (Meier et al., 1965; 
Jennes, 1973; Piletz and Ganschow, 1981) - 80-150 mg/ml, of which 63-81% are 
acid-precipitable caseins (Jennes, 1973). At least five different caseins have been 
identified in mouse milk by denaturing polyacrylamide gel electrophoresis (SDS-
PAGE) and fast protein liquid chromatography (FPLC) (Table 1.2) 
The various caseins identified in the milk of different species include a 
(Si and S2), J3, y, c and K (Hipp et al., 1952; Green and Pastewka, 1976; Mercier 
et al., 1976 and Hennighausen and Sippel, 1982a). Among these proteins P and K-
caseins are present in the milk of all the species reported so far. Ruminant milk 
contains two forms of a-casein, aS 1 and aS2, which have been shown to be 
homologous to the a and ylc caseins respectively, of rodent milk (reviewed by 
Fiat and Jolles, 1989), while human milk contains only traces of aS 1 -casein 
(Martin and Grosclaude, 1993). 
All caseins are calcium sensitive except K-casein. The caseins raise the 
calcium and phosphate concentrations in milk by forming stable micelles with 
these minerals, and thus provide the suckling young with a source of minerals and 
3 
Table 1.2. Molecular weight of murine caseins. 
Caseins in 	 Molecular weight 
mouse milk 	 (kDa) 
a 
26 • 3a 
y 
E 	 14.5l 
K 
a Stevenson and Leaver, 1994; b  Hermighausen and Sippel, 1982a 
3a 
amino acids. The calcium sensitive caseins are precipitated in the presence of low 
concentrations of calcium and are stably maintained as a micelle suspension as a 
result of their interaction with K-casein (MacKinlay and Wake, 1971). Casein 
micelles contain -P5% of colloidal calcium phosphate, which is sequestered 
through interactions with the clustered serine phosphate residues of the calcium 
sensitive caseins (Sleigh et al., 1979). The casein micelles are stabilized by Y,- 
casein, which when cleaved at a specific phenylalanine-methionine bond by 
chymosin, causes initiation of micelle aggregation, resulting in curd formation 
(MacKinlay and Wake, 1971). Beta-casein determines the surface properties of the 
micelle, and is also essential for curd formation when the milk is clotted by 
chymosin digestion, while a-caseins appear to be less important for curd 
formation but probably determine the capacity of casein micelles for colloidal 
calcium phosphate transport (Pearse et al., 1986). Curd formation is 
physiologically important since it ensures the retention of milk proteins in the 
stomach of the infant, thus allowing digestion to occur (Jenness and Larson, 
1985). A model of a casein micelle is shown in Fig. 1.1 
1.2.1. Structure 
1.2.1.1. Proteins 
Our knowledge of the sequences of the casein proteins are largely 
predicted and derived from an understanding of the corresponding cDNA 
sequences. Different variants are reported for each type (aS 1, aS2, P and K) of 
casein. The variants of each casein type differ from each other either by amino 
acid substitution or by insertion/deletion of peptide sequences. Some casein 
variants differ only in their phosphate content (reviewed by Fiat and Jolles, 1989). 
The bovine aS 1 -casein (B variant) contains 199 amino acid residues with 













0 Calcium phosphate cluster 
Fig. 1.1. Sub-unit of casein micelle model ( Redrawn 
from Schmidt (1982) and Mepham (1987). 
A. Micelle. B. Sub-micelle. C. Binding between two sub-micelles 
4a 
residues (8.5%) and absence of cysteinyl residues (Mercier et al., 1971). The 
ovine aS 1 -casein is smaller with 191 amino acid residues as deduced from its 
mRNA sequence (Mercier et al., 1985). The primary structure of six caprine aS 1-
casein variants have been established (A, B, C, D, E, F; Brignon et al., 1989, 
1990). All of these variants, except D and F have 199 amino acid residues. Rat a-
casein is larger and has 269 amino acids as deduced from its mRNA sequence 
(Hobbs and Rosen, 1982). The deduced length of the two variants of guinea pig 
casein-B have 165 and 150 residues (Hall et al., 1984a). 
The bovine aS2-casein (A variant) has 207 amino acids and carries a large 
number of positive charges located all along its polypeptide chain especially in the 
47 amino acids of the C-terminal fragment. The phosphate groups of aS2-casein 
are located in three regions - residues 8-16, 56-61 and 129-143. Within the bovine 
aS2 casein protein there is an internal sequence similarity (38% identical 
residues) observed between two segments of 76 residues (Brignon et al., 1977). 
The ovine aS2-casein has 208 residues (Boisnard and Petrissant, 1985), the rat 
homologue (y-casein) has 164 residues (Hobbs and Rosen, 1982) and guinea pig 
casein-A has 223 amino acids (Hall et al., 1984b) as deduced from their respective 
mRNA sequences. The mouse F.-casein which also exhibits similarity to bovine 
aS2-casein has 128 amino acids in the mature protein as predicted from its mRNA 
sequence (Hennighausen et al., 1982a) and contains a potential multiple 
phosphorylation site. 
The bovine -casein variant A2 has 209 amino acids including five 
phosphoseryls. The fragment containing the first 50 residues has a high negative 
net charge (Ribadeau-Dumas et al., 1972). Human 13-casein contains 212 amino 
acid residues (Greenberg et al., 1984) whilst rat 13-casein has 216 amino acid 
residues, as deduced from its nucleotide sequences (Blackburn et al., 1982). 
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Bovine K-casein (B variant) has 169 amino acid residues (Jolles et al., 
1972) while human K-casein has 158 amino acid residues (Brignon et al., 1985). 
The structures of sheep and goat K-caseins have also been established (Jolles et al., 
1974a, b; Mercier et al., 1976). The mouse K-casein has 160 amino acids as 
deduced from its nucleotide sequences (Thompson et al., 1985) while rat K-casein 
has 157 amino acid residues (Nakhasi et al., 1984). 
An important common or shared feature observed in the signal peptide 
sequences of various species is the presence of 15 amino acids in case of the 
calcium sensitive caseins and 21 amino acids in the calcium insensitive ic-caseins. 
Indeed, the signal peptides of the casein proteins represent the most highly 
conserved elements within these related proteins. 
1.2.1.2. mRNA/cDNA 
The cDNA sequences for mouse a-casein (Grusby et al., 1990), c-casein 
(Hennighausen et al., 1982a) and 'y-casein (Sasaki, 1992) rat and mouse [3-caseins 
(Blackburn et al., 1982; Yoshimura et al., 1986), ic-caseins (Nakhasi et al., 1984; 
Thompson et al., 1985), four bovine caseins, aS!, aS2, 0 and K (Nagao et al., 
1984; Stewart et al., 1987; Stewart et al., 1984), porcine [3-casein (Alexander and 
Beattie, 1992), aS2-casein (Alexander et al., 1992) and ic-casein (Levine et al., 
1992) have been reported. Sequences have also been determined for the two a-
casein cDNAs of guinea pig (Hall et al., 1984a, b) and ovine (Mercier et al., 1985; 
Boisnard and Petrissant, 1985). 
1.2.1.3. Genes 
The genes encoding milk proteins have been characterised in several 
species. The transcriptional units of milk protein genes range in size from 1.7 to 
18.5 kb and comprise between 4 and 19 exons. The exons are short and made up 
of 21 to 525 bp. The introns are large, consisting of 81 to 5800 bp and often 
contain repetitive sequences. In contrast to the whey protein genes, in the casein 
genes no codon is split across an intron and the RNA stretches encoding multiple 
phosphorylation sites of caseins are generated by splicing (reviewed by Mercier 
and Vilotte, 1993). 
Complete DNA sequences have been determined for the bovine casein 
genes, aSi (17.5 kb, 19 exons; Koczan et al., 1991), aS2 (18.5 kb, 18 exons; 
Groenen et al., 1993) and 13(8.5 kb, 9 exons; Bonsing et al., 1988). The bovine K-
casein gene has been partially sequenced (Alexander et al., 1988) and reported to 
be —13 kb, comprising 5 exons. All the introns in K-casein gene are large and both 
the second, which divides the signal peptide encoding region, and the third contain 
many Alu-like repetitive sequences (Mepham et al., 1992). Furthermore, the 5' 
flanking region of the K-casein gene transcription unit lacks the structural motifs 
shared by the other casein genes. The structural organization of the four bovine 
casein gene transcription units is shown in Fig. 1.2. 
The complete DNA sequence has also been determined for the aS 1 -casein 
genes of goat (17.5 kb, 19 exons; Leroux etal., 1992) and rabbit (16 kb, 19 exons; 
Jolivet et al., 1992). Faruque et al., (1987) partially characterised the mouse ctl 
casein gene and showed that the majority of the coding sequences of the al casein 
gene are contained in a central 3.5 kb HindIII/BglII fragment. 
The 13-casein gene has been characterised extensively in many different 
species including cow (Bonsing et al., 1988; Gorodetsky et al., 1988)), sheep 
(Provot et al., 1995) goat (Roberts et al., 1992), rabbit (Thepot et al., 1991), rat 
(Jones et al., 1985), mouse (Yoshimura and Oka, 1989) and human (Hansson et 
al., 1994). The intron/exon organization of 13-casein gene is similar in all species 
(Fig.1.3; reviewed by Mercier and Vilotte, 1993) and has a size of 7-9.2 kb 
consisting of nine exons except the human 13-casein gene which has only eight 
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5' 	 3' 	 (xSi-casein (-17.5 kb) 
ap- 
53 	63 33 39 24 24 24 24 	33 24 54 42 24 42 27 	24 	154 	
4 
3-casein (-8.5 kb) 
 
44 	63 	27 27 	24 42 	498 	42 	322 
aS2-casein (-18.5 kb) 
44 	63 	27 2142 27 27 27 	24 45 123 27 	27 	24 45 	120 	45 	
ZoO 
ic-casein (-13 kb) 
65 	 62 	 33 	 517 	 173 
Fig. 1.2. Structural organization of the four bovine casein transcription units. 
Horizontal boxes represent introns and vertical boxes represent exons. Black boxes represent 5' and 3' non-coding regions 
and signal peptide encoding exons. Sizes of exons are indicated in base pairs (modified from Martin and Grosclaude, 
1993). 
Cow 
EXONS I II III IV V VI VII VIII IX 
Rabbit 51 63 27 27 21 45 510 42 328 
Mouse 43 63 24 21 24 45 525 45 330 
Rat 40 63 27 21 24 42 525 48 320 
Sheep 48 63 27 27 24 42 492 42 323 
44 63 27 27 24 42 498 42 322 
1935 724 112 1895 92 1320 
Sheep 1997 731 112 2483 93 1325 
Rat 1685 671 120 995 92 1124 
Mouse 1128 747 116 942 81 1026 
Rabbit 2999 538 109 1020 95 1533 







Fig. 1.3. Organization of the beta casein gene- comparison between different species (reference Martin and 
Grosclaude, 1993; Mercier and Vilotte, 1993). Relative sizes of exons and introns are not comparable. 
exons. However, the human beta-casein gene contains sequences similar to exon 3 
of -casein from other species. Therefore, the absence of sequences similar to 
exon 3 in the mature mRNA of human -casein suggests the possibility of exon 
skipping (Menon et al., 1992; Martin and Leroux 1992). Yu-Lee and Rosen 
(1983) established that rat 7-casein gene comprises nine exons and span a region 
of 15 kb. 
1.2.2. Comparison 
1.2.2.1. Proteins 
Rosen and Shields (1980) reported that the sequences for homologous 
caseins in different species are more closely related than sequences for different 
caseins in the same species. Significant sequence identity is observed between rat 
a-casein and bovine aSl-casein (Hobbs and Rosen, 1982). The signal peptide 
sequence and phosphorylation sites of the two variants of guinea pig casein-B are 
similar to bovine aS 1 and rat cx-caseins respectively (Hall et al., 1984a) .  
Bovine and ovine aS2-caseins are 88% similar at the amino acid level 
(Boisnard and Petrissant, 1985). Guinea pig casein-A exhibits 30% similarity with 
bovine aS2-casein (Hall et al., 1984b). The amino acid sequence of mouse F.- 
casein shows sequence similarity with the N-terminal regions of the bovine aS2-
casein. The signal peptide sequences of the mouse E-casein is similar to the signal 
peptide sequences of the calcium sensitive caseins from other species 
(Hennighausen et al., 1982a). 
Among the various caseins, 3-casein is the most hydrophobic protein and 
has a high proline content (16.7%). Human 13-casein shows 47% similarity with 
bovine 13-casein (Greenberg et al., 1984). Amino acid sequence comparisons of 3-
caseins between species (rat, ovine, bovine and human) shows that —38% of the 
KN 
amino acids are conserved and that the conserved residues occur in clusters 
throughout the protein. 
In comparison with bovine K-casein, sheep and goat K-caseins have two 
insertions and 26 and 28 replacements respectively, whilst the rat and bovine K-
caseins show 49% sequence similarity. The deduced amino acid sequence of 
mouse ic-casein (Thompson et al., 1985) shows 73% sequence similarity with rat 
and 43% with ovine ic-caseins. Apart from the signal peptide sequence, the region 
attacked by the protease, rennin, is also highly conserved. 
The amino acid sequences of the signal peptide region of various caseins 
in different species are shown in Fig. 1.4. It is evident from a comparison of these 
sequences that the signal peptides are highly conserved. This high degree of 
similarity among the signal peptides could be attributed to functional constraints 
on this sequence and/or to a common evolutionary origin of the calcium sensitive 
caseins. 
1.2.2.2. mRNA/cDNA 
The a, y and P murine caseins appear to be homologous to aSl, aS2 and 
bovine caseins respectively (Rosen and Shields, 1980). Sequences of aS i-like 
casein mRNAs from the cow, sheep, rat and guinea-pig have diverged with a large 
number of point mutations and sequence rearrangements (reviewed by Bonsing 
and MacKinlay, 1987). In general, for the point mutations found between the three 
species silent and replacement mutations occur with approximately equal 
frequency. This may be due to very loose functional constraints which have 
allowed caseins to diverge at a very rapid rate. Similar comparisons for proteins 
such as haemoglobins, show silent mutations far out-numbering replacement 
mutations (reviewed by Bonsing and MacKinlay, 1987). Comparison of the 
mRNA sequences showed three regions of unusual conservation among the 
aSI -casein 
-15 	 -10 	 -1 
Cow 	M K L L I L T C L V A V A L A 
Sheep 
goat 
Pig 	----------F! 	----A ---------- 
Rat ----------------------A -- -- --  
Mouse 	----------------------A 	F -- 
G-pig (B) 	----------------------S V -- 
Rabbit ----------------------I ------ 
aS2-casein 
-15 	 -10 	 -1 




Rat ------------------V --A -- -- --  
Mouse(s) 	------I 	-- L -  ----------------- 
Mouse(y) ------------A 	-- V V -- -- -- --  
G-pig (A) 	-- L 	-- L ------------------ 
C. 3-casein 
-15 	 -10 	 -5 	 -1 
Cow 	M K V L I L A C L V A L A L A 
Sheep 
goat -------------------------- I 	-- 






-21 -15 -10 -5 	 -I 
Cow M M K S F F L V V T 	I 	L 	A L 	T L P 	F 	L G A 
Sheep 
goat 
Pig-------- S ----I --P 	---------------------- 
Rat ---- 	 RN 	--I V --MN ------------------ A-- 
Mouse ---- RN --I V --MN ------------------ A-- 
G-pig ---------- L ------ N 	--V 	-------------- A-- 
Rabbit ------1-1 	-- L ------ N 	------V 	---------- A 	-- 
Man---------- L ------ NA 	---------------- A-- 
Fig. 1. 4. Comparison (based on bovine caseins) between the signal peptide amino-acid 
sequences of caseins in different species (reproduced from Fiat and Jolles, 1989; Mercier 
and Vilotte, 1993) 
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members of the casein gene family, the 5' untranslated regions, and the sequences 
encoding the signal peptide sequences and the major sites of casein 
phosphorylation and calcium binding (Hobbs and Rosen, 1982; Yu-Lee et al., 
1986). 
A feature of rat and mouse cc-casein sequences is an insertion of 10 
repeated elements of 18 nucleotides each, in the coding region, which encodes a 
relatively hydrophobic peptide. This insertion appears to have occurred 7-12 
million years ago, just prior to the divergence of the rat and mouse lineages 
(Hobbs and Rosen, 1982). The insertion of this sequence before the divergence of 
the two rodent species would explain the larger size of rodent a-caseins compared 
to other mammalian a-caseins. Overall sequence similarities between the cc  1-like 
caseins in different species is shown in Table 1.3 
The aS2-like casein genes appear to have diverged rapidly as a result of 
major sequence rearrangements. The duplication observed in the amino acid 
sequences of aS2-casein is also clearly present in the cDNA sequences of the 
bovine, ovine, cavine and rat homôlogues but not in the mouse sequence. Mouse 
c-casein has a different, but smaller duplication which gives rise to a repetition of 
amino acid residues. This comparison suggests that the duplication occurred in a 
common ancestor, to these five mammalian species. It may be possible that the 
duplicated sequences present in the other casein sequences have been lost by 
subsequent deletions in the relatively recently evolved mouse. Examination of the 
duplication in the cDNAs revealed that one or more small sections of sequence 
were missing in each species relative to others and may be due to deletion of 
whole exons in the chromosomal DNA or due to point mutations in the vicinity of 
the splice junctions which interfere with the correct splicing mechanisms 
(reviewed by Bonsing and MacKinlay, 1987). Table 1.4 shows the overall identity 
between the ctS2-like caseins in various species. 
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Table 1. 3. % Similarity of aS 1 -casein cDNAs of different species 
Sheep Goat Pig 	Rabbit G.pig Rat Mouse 
((x) 	(B) 	((x) 	((X) 
Cow 	94.5 94.2 79.6 	72.4 69.0 67.1 71.3 
Sheep 98.5 79.3 72.8 67.9 67.6 70.1 
Goat 79.1 	72.6 68.4 66.2 69.5 
Pig 74.8 70.2 68.9 68.9 
Rabbit 70.9 69.2 72.1 
G.pig 67.2 69.1 
Rat 88.1 
Table 1.4. % Similarity of a52-casein cDNAs of different species 
Sheep Goat Pig G.pig Rat Mouse Mouse 
(A) (y) (y) (c) 
Cow 94.8 94.6 82.0 68.0 66.1 68.1 74.4 
Sheep 	98.0 82.8 68.1 65.4 62.2 74.9 
Goat 82.4 67.6 66.6 68.8 76.6 
Pig 68.6 70.4 65.1 67.7 
G.pig 74.9 76.0 72.2 
Rat 86.8 62.6 
Mouse (y) 70.8 
Table 1.5. % Similarity of 13-casein cDNAs of different species 
Sheep Pig Rabbit Rat Mouse Human 
Cow 	96.5 	85.5 74.3 	69.6 70.3 78.4 
Sheep 85.4 74.1 69.9 70.2 78.0 
Pig 73.9 	71.3 70.4 76.9 
Rabbit 69.7 68.7 75.9 
Rat 89.6 70.1 
Mouse 71.6 
Data compiled by a bestfit comparison of the cDNA sequences 
available in the data base. 
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The -casein cDNAs of rat and mouse are 89% identical. Significant 
similarity is also observed between the rat and bovine 3-casein, except in the C 
terminal encoding region which may be due to a high rate of point mutations and a 
number of small deletions (Bonsing and MacKinglay, 1987). In contrast to the a-
casein, the lack of major rearrangements amongst the -caseins suggest that the 
hydrophilic N-terminal and hydrophobic C-terminal domains are important for 3-
casein function. Beta-casein cDNA sequences are compared between species and 
the overall similarities are shown in Table 1.5. 
The K-casein cDNA sequences of rat and mouse are closely related (87% 
similarity) but have diverged considerably from the bovine sequence (Thompson 
et al., 1985). Since K-casein stabilizes the casein micelle against precipitation by 
calcium, the sequence that determines the sensitivity of ic-casein to limited 
proteolysis by chymosin needs to be maintained. It has also been suggested that 
conservation of sequence is much more pronounced downstream of the chymosin-
sensitive bond than upstream and it appears that hydrophobicity is more important 
than amino acid sequence in the upstream region of ic-casein (Bonsing and 
MacKinlay, 1987). Even though point mutations and a number of 
insertions/deletions have occurred, the overall architecture is preserved 
presumably as a result of functional constraints on the ic-casein structure (Bonsing 
and MacKinlay, 1987). cDNA sequence similarities between ic-caseins in different 
species are summarised in Table 1.6. 
The cDNA sequences of various murine caseins have been compared with 
each other and the results are presented in Table 1.7. Nucleotide sequences from 
the signal peptide region of various case ins from different species are compared in 
Fig. 1.5. 
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Table 1.6. % Similarity between the eDNA sequences of K-casein in 
different species. 
Sheep Goat Pig 	G.pig Rat 	Mouse Human 
Cow 	93.9 	93.7 82.2 	67.8 67.3 65.5 76.7 
Sheep 	97.7 82.7 	68.7 68.0 66.8 77.3 
Goat 83.0 	68.1 67.4 67.2 77.9 
Pig 68.4 67.7 67.4 79.1 
G.pig 64.7 62.2 70.0 
Rat 87.1 68.3 
Mouse 67.0 
Data compiled by a bestfit comparison of the cDNA sequences available 
in the data base. 
Table 1.7. % Similarity between cDNAs of mouse caseins. 
C K 
a 78.3 	72.6 	66.7 70.5 
75.3 	74.6 76.0 
70.8 63.6 
C 70.4 
Data compiled by a bestfit comparison of the cDNA sequences available 
in the data base. 
ha 
Fig. 1.5. Nucleotide sequences of casein encoding eDNA, in the region specifying the signal peptide. Numbers refer to the codons of the signal peptide 
(-) and the mature protein (+). Dashes represent nucleotides identical to those of each bovine cDNA taken as reference. Lower case letters refer to 
substituted nucleotides that did not specify any change of codon meaning (reproduced from review by Mercier and Vilotte, 1993). 
aSI-casein-is -10 .5 -1 +1 +5 
Cow ATG AAA CU CU ATC CTC ACC TGT CU GTG GCT GU GCT CU GCC AGO CCT AAA CAT CCI ATC AAG CAC 
Sheep --- --- ----- c ----- t 
Goat ---  --- --- -- c --- -- t --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -- T --- 
Pig --- --- ----- c ---  T. t - -- --- --- - -- --- --- --- --- --- --- --- --- --- --- --- --- --  
Rat 	(a) --- --- --- --- --- --- --- -- C -- c --- --- - - - --- --- -- t CT- --- - G - G C- - A- COt - GA A -t 
Mouse (a) --- --- -- C --c --- --- ----- c -- c --- --- --- --- T- -- t AT- -- c -0- - T- - A- - G t -GA A -t 
G-pig 	(13) ----- g --- --- --- --- ----- c -- g  --- --- TC - - G -g --- - -- --g -. TT- -- c T- - --- ---  
Rabbit g ----- c -------- t -- c --- --- --- AC - --- --- --- --- - - - --- U- - A - T- a GGA --- 
(62-casein-15 -10 -5 -1 +1 +5 
Cow ATG AAG UC UC ATC 1T1 ACC TGC CU TG GCT GU GCC CU GCA AAG AAT ACG ATG GAA CAT GTC TCC 
Sheep --- --- --- --- -- t --- --- --- --- ----- c --- --- --- --- --- C -------------------- 
Goat --- --- --- --- -- t --- --- --- --- ----- c --- --- --- --- --- C .................... 
Pig --- --- --- --- --- --- --- --- --- --- --c ----- t T-- --- --- C-- GA- --- --g 
Rat 	(y) --- --- --- --- --- --c --- --- --g G-- ------ --t --g --t C-- G-- G-A A-G G-- AAA C-- 
Mouse 	(c) --- --- --- A - -- t C- G -- t ----------- c ----- t --- --- --- C -0 -0 - --- -- g -- A TA- AT - 
Mouse 	(y) --- --- --- --- --- --- G-- --- --g G- - --- ----- t --g  --- --- C - C GAA -- A A -G G -- AAG --- 
G-pig 	(A) --- --- C- - -------- G --- --- --c --- --- --c -- t -- c ----- C C - C - A - ICA -- g  -- A CAG --- 
C. 13-casein -15 -10 -5 -1 +1 +5 
Cow ATG AAG GTC CTC ATC CU GCC TGC CTG GIG OCT CTG 0CC CU GCA AGA GAG CTG GAA GAA CTC AAT GTA 
Sheep 
Goat --- --- --- --- --- --- ----- t --- --- --- --- --- A ----------- 
Pig C -- --- --- --- --- --- I-C --- --- --t --- --- --- --- -C AA- ------ --- ---- C- 
Rat --- --- --- I- - ------ --- --- --t ----- a --t --t --- --- --g AA- --T -C- T-- --- ---g 
Mouse --- --- --- T-- --c --- --- --t ----- c -- t -- t --- --- --- --- ACT AC- 1TF ACT GTA TCC 
Rabbit ---  --- --- --- -- t --- --- --- --- --- --- -- c -- t --- --- --g ---  A.A- ---  C---------- 
Man --- --- --- --- --- --c --- --- --- --- ----- t -- t --- --- --g ---  ACC AT- --- AG- CU TC- 
d. K-casein -21 -15 -10 -5 -1 +1 
Cow ATG ATG AAG AOl liT TFC CIA GU GIG ACT ATC CTG GCA UA ACC CTG CCA lTf UG GOT 0CC CAG GAG 
Sheep --- --- --- --- --- --- --- --- --- --- --- --a 
Goat 
Pig --- --- --- --- - - - --- --- A-- --- C-- ------ --- --- --a ----- I --- --- --- --a 0----- 
Rat --- --- --- - -- --- A- - G -- --- A-- - -- ----- a ---  C- - -- t ------ --- --- --- --a 0-- - T- 
Mouse --- --- --- --- --- A- - G- - -- g  A-- - -- --t --- --- ----- t ----- c --- --- --- --a 0- - Ala 
0-pig --- --- --a t C - - - - C- t --- --- ---- -- --a 0---------- t ----- t --- --- - -- --a G- - - T- 
Rabbit --- --- --- CA- - - - ---- 0----- t -- -- a 0-C ATa 
Man ---  --- --- --- --- C- t --- --- -- c - A- OC - --- --- --- --- --- -- - --- --- --- - -- --- - U 
Fig. 1.5 
1. 2.2.3. Genes 
Koczan et al. (1991) compared the bovine aSi-casein gene with other 
casein genes and reported that the first exon is non coding. The leader peptide and 
the first two amino acids of the mature protein are coded by exon 2. A similar 
arrangement is found in the mouse and bovine -casein genes and in all the rat 
casein genes (Yoshimura and Oka, 1989). A major phosphorylation site within the 
aSi sequence is created by splicing of the exons 9 and 10 (Koczan et al., 1991). A 
similar phenomenon was found in the rat ct-casein gene (Yu-Lee et al., 1986) and 
the -casein genes of rat, mouse and bovine (Yu-Lee et al., 1986; Yoshimura and 
Oka, 1989; Stewart et al., 1987). The bovine aS2-casein gene is organized like 
that encoding aS 1 -casein, but is more closely related by sequence to the 3-casein 
gene (Groenen et al., 1993) 
Characterisation of the 7.2 kb rat -casein gene revealed three regions of 
greater than 70% similarity to the rat y-casein gene within the first 200 base pairs 
of conserved sequences of the 5' flanking region (Jones et al., 1985). The 
immediate 5' flanking region (about 200 bp) of goat -casein gene is 65% 
identical to mouse and 75% to rat but negligible similarity was observed in the 
region upstream. Goat and cattle exhibit 95% identity over the entire 1.7 kb 5' 
flanking region of the 3-casein gene (Roberts et al., 1992). Yoshimura and Oka 
(1989) compared the sequences of the mouse and rat -casein genes and found 
that the exon/intron organization of these two genes are highly conserved. Further 
comparative analysis between mouse -casein gene and three other rat casein 
genes (a, 3 and y) and bovine aSl-casein gene revealed the presence of four 
highly conserved sequences, three in the 5' flanking region and one in the intron. 
The four conserved sequences of these casein genes were not found in the genes of 
other milk proteins suggesting that these sequences are specific to the calcium 
sensitive casein gene family. It has been suggested that a consensus sequence 
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coined the 'milk box' might be shared by proximal 5' flanking regions of a-
lactalbumin and the calcium sensitive casein genes (Hall et al., 1987; Laird et al., 
1988). 
The structure of the 13 kb long bovine K-casein gene is not related to the 
other casein genes. Both the length and sequence of the signal peptide encoding 
region differ from the other casein genes. Also the 3' untranslated region is shorter 
as compared to the calcium sensitive casein genes. Many potential binding 
sequences for various factors (reviewed by Maga and Murray, 1995) like, 
mammary gland specific factor (MGF; Schmitt-Ney et al., 1991) or milk protein 
binding factor (MPBF; Watson et al., 1991), nuclear factorl (NFl; Goyal et al., 
1990; Li and Rosen, 1995) and for hormones such as glucocorticod and 
progesterone are present in the 5' untranslated region of the bovine calcium 
sensitive casein genes, but not in the K-casein gene. 
1.2.3. Expression 
1.2.3.1. Native genes 
Hobbs et al. (1982) examined the level of expression of different casein 
and WAP genes in the mammary glands of virgin, pregnant and lactating rats by 
analysing the corresponding mRNAs. They reported markedly different basal 
levels of a, P, 'y caseins and WAP mRNAs in the virgin mammary gland, with cc-
casein mRNA present at levels of several hundred molecules per cell and WAP 
mRNA at only a few molecules per cell. During early gestation, the levels of these 
mRNAs increase, but not in a co-ordinated manner, and by mid-gestation 13-casein 
mRNA is the predominant rat casein mRNA. WAP mRNA levels increase more 
slowly in early gestation but by late gestation appear to increase co-ordinately 
with the three calcium sensitive casein mRNAs. Non-co-ordinate expression of 13 
casein and WAP genes has also been observed in mice, both in terms of basal 
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level of expression and the point at which mRNA first accumulates during 
gestation (Harris et al., 1991). Beta casein is expressed at low levels in virgin 
mammary gland and then rapidly induced from day 10 of gestation, while the 
onset of expression of WAP is delayed until the 14th day of pregnancy (Pittius et 
al., 1988; Harris et al., 1991). Differences in the kinetics of a and K-casein mRNA 
accumulation have also been shown during mammary development in rodents by 
in vitro studies (Vonderhaar and Nakhasi (1986). The level of K-casein mRNA is 
low but detectable until mid-gestation and then increase markedly in concert with 
cc-casein mRNA, maintaining a relative level two to three fold less than a-casein 
mRNA at later stages of gestation and lactation. There is no evidence of co-
ordinate expression of a-lactalbumin and caseins in rat mammary gland during 
pregnancy and lactation (Nakhasi and Qasba,1979). 
Expression analysis of native or modified genes using in vitro 
transcription systems, mammary cell lines and transgenic animals has greatly 
improved the knowledge of the functioning of milk protein genes. Most of the 
expression studies have been carried out using -casein genes from various 
species. Mammary epithelial cell lines such as murine COMMA 1 D (Danielson et 
al., 1984) and HC1 1 (Ball et al., 1988) provide the best current in vitro model 
systems for the study of regulated expression of the endogenous -casein gene, 
native, shortened/truncated 3-casein genes from various species, and -casein 
promoter-driven hybrid genes. The synergistic action of lactogenic hormones and 
extracellular matrix on -casein gene expression is well established (reviewed by 
Mercier and Vilotte, 1993). Comparative expression analysis of native and altered 
rat (Doppler et al.,1989), murine (Yoshimura and Oka, 1990) and bovine 
(Schmidhauser et al., 1990) 3-casein genes transfected into mammary cell lines 
suggested that most prevalent cis regulatory elements mediating the hormonal and 
extracellular matrix effects might occur within 2.6 kb of the 5' flanking region. 
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1. 2.3.2. Transgenes 
Although, in vitro systems like cell culture/tissue culture are efficient 
systems for studying the regulated expression of genes, these systems lack the 
natural physiological environment. The development of transgenic animals has 
improved the study of foreign gene expression in vivo in the correct physiological 
environment. Regulated expression of experimentally modified genes can be 
evaluated in a better way in whole animals (transgenic animals) than in cultured 
cells. Mammary specific expression of a transgene requires the presence of 
promoter and regulatory regions from a milk protein gene, which is expressed 
during lactation. 
Transgenic studies have been carried out in various species using native, 
shortened or hybrid genes. Lee et al. (1988) reported very low expression of a rat 
-casein transgene comprising the transcription unit plus 3.5 kb of 5' and 3 kb of 
3' flanking region in transgemc mice. Low level expression was also observed in 
transgenic rabbits carrying a human interleukin-2 gene driven by 2 kb of rabbit P- 
casein 5' flanking region (Buhier et al., 1990). Mammary gland specific 
expression of bovine aSl-casein derived transgenes (bovine cDNA plus 1.35 kb 5' 
andi .5 kb 3' flanking regions of bovine aS 1 casein gene and another construct 
containing 1.35 kb 5' flanking region, the bacterial CAT gene and a 
polyadenylation signal derived from SV40) was also reported, but at a very low 
level (Clarke, et al., 1994). In contrast, very high, stage specific expression was 
observed in transgenic mice carrying a caprine 3-casein transgene with 3 kb and 6 
kb respectively of 5' and 3' flanking sequences (Persuy et al., 1992). Greenberg et 
al. (1991) reported the production of biologically active follicle stimulating 
hormone (FSH) in the milk of transgenic mice carrying a fusion gene comprising 
a FSH cDNA and a modified rat 3-casein gene. DiTullio et al. (1992) observed 
mammary gland specific expression of a cystic fibrosis transmembrane 
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conductance regulator (CFTR) cDNA under the control of the goat -casein gene 
promoter in transgenic mice. 
A fusion gene comprising the human lactoferrin cDNA with 6.2 kb or 14.2 
kb 5' and 6.5 kb 3' promoter/regulatory sequence from the bovine aSi-casein gene 
was expressed at low levels in the mammary gland of transgenic mice 
(Platenburg, et al., 1994). Fusion genes comprising the cDNA for human 
lysozyme and 5' promoter elements from either the bovine aSi (21 kb 5' region 
and 2 kb 3' region) or j3-casein (3.7 kb 5' region and 4.5 kb 3' region) gene have 
been used to produce transgenic mice. Tissue specific expression of the transgene 
was observed only in those mice containing the promoter element from the aS 1-
casein gene. The expression of human lysozyme in bovine milk could be 
beneficial, altering the overall microbial level and the functional and physical 
properties of milk, as lysozyme is positively charged and antimicrobial (Maga et 
al., 1994). Expression analysis of transgenic mice carrying individual bovine aS2 
(gene with 8 kb of 5' and 1.5 kb of 3' flanking sequences), K (gene flanked by 5 kb 
of 5' and 19 kb of 3' sequences) and 13  (gene flanked by 16 kb of 5' and 8 kb of 3' 
sequences) casein genes showed that neither the bovine aS2 nor the K-casein 
transgenes were transcribed at detectable levels in the mammary gland. However, 
the bovine 13-casein transgene was expressed in all lines of mice and relatively 
high level of expression was detected in 50 % of these lines (Rijnkels et al., 
1995). Table 1.8 shows the expression levels of milk proteins - caseins and whey 
proteins - derived transgene constructs in transgenic animals. 
1.2.3.3. Locus Control Region (LCR) 
Random integration of transgenes into the host genome can display 
varying levels of expression depending upon the site of integration. The 
phenomenon, where the presence of other regulatory regions in the host genome at 
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Table 1. 8. Various mammary gland specific transgenes and their levels of expression (modified from Maga and Murray, 1995). 
Genes used for 	Animals selected for Levels of protein 
transgene construct transgene expression expression 























Length of promoter 
used for transgene 
Entire gene 
2.5 kb 5' 
2.6 kb 5', SV40 polyA 
2.6 kb 5', SV40 polyA 
Entire gene 
23kb5', 1.6 kb 3'  
2.6 kb 5', 1.6 kb 3'  
2.6 kb 5', 1.6 kb 3' 
42 kb 5' 
176kb5' 
6.3 kb 5' 
1195 bp 5', 395 bp 3' 
Entire gene 
750 bp 5', 336 bp 3' 
477 bp 5', 336 bp 3' 
Entire gene 
4 k 5', 19/73kb 3' 
4 k 5' 
4 k 5' 








cDNA human SOD 
cDNA human proteinC 
cDNA human proteinC 
gDNA human proteinC 
gDNA human al-AT 
gDNA human GH 
G-pig a-la 
Bovine cc-la 
cDNA bovine a-la 





















































Bayna and Rosen, 1990 
Andres et at., 1987 
Gorden et al., 1987 
Ebert etai., 1991 
Wall etai., 1991 
Hansson et al., 1994 
Veiander et al., 1992 
Velander et al., 1992 
Drohan et al., 1994 
Bischoff et al., 1992 
Devinoy et al., 1994 
Maschio et al., 1991 
Bieck and Bremei, 1993 
Vilotte et al., 1989 
Soulier et al., 1992 
Soulier et al., 1992 
Simons etal., 1987 
Archibald et al., 1990 
Wright et al., 1991 
Shani et al., 1992 
Shani et al., 1992 














a  I -casein bovine 
' aSi-casein bovine 
cr aS 1-case in bovine 
aS 1 -casein bovine 
aS 1 -casein bovine 
aS I -casein bovine 
aS 1-case in bovine 
aS2-casein-bovine 
K-casein-bovine 
1.8 kb 5', 4.6 kbWAP 3' cDNA human SOD 	Mice 
4.3kb/3.3 kb/2 kb/800bp/ Sheep 	-lg Mice 
406 bp 5', 1.9 kb 3' 
146 kb 5', 1.9 kb 3' Sheep 3-lg Mice 
76 bp 5' and 1.9 kb 3' Sheep f3-lg Mice 
3.5 kb 5', 3 kb 3' Rat 3-casein Mice 
2.3 kb5', 5.5 kb 5' Bacterial CAT Mice 
2 kb 5' Human interleukin-2 Rabbits 
3 kb 5', 6 kb 3' Goat 	-casein Mice 
4.2 kb 5', 5.3 kb 3' Goat 3-casein Mice 
4 kb 5', 4.5 kb 3' cDNA CFTR Mice 
6.2 kb 5', 7.1 kb 3' cDNA bovine K-casein Mice 
16 kb 5', 8 kb 3' Bovine 3-casein Mice 
1.35 kb 5', 1.5 kb 3' cDNA bovine aSl-casein Mice 
1.35 kb 5', SV40 3' Bacterial CAT Mice 
2.9 kb 5', 3.5 kb 3' cDNA human IGF-1 Rabbits 
21 kb 5', 2 kb 3' gDNA human urokinase Mice 
21 kb 5', 2 kb 3' cDNA human lysozyme Mice 
6.2/14.2 kb 5', 6.5 kb 3' cDNAhuman lactoferrin Mice 
15 kb 5', 6 kb 3' cDNA human lactoferrin Cow 
8 kb 5', 1.5 kb 3' Bovine aS2-casein Mice 
5 kb 5', 19 kb 3' Bovine K-casein Mice 
10 ng/ml Hansson et al., 1994 
5%-300% of endo- Whitelaw et al., 1992 
genous sheep gene 
very low level Whitelaw et al., 1992 
No expression Whitelaw et al., 1992 
0.01-1%(endogenous)Lee et al., 1988 
Variable Lee et al., 1989 
430 ng/ml Buhier et al., 1990 
12-24 mg/ml Persuy et al., 1992 
1 mg/ml Roberts et al., 1992 
NQ DiTullio et al., 1992 
0.9-1.5 mg/ml Gutierrez et al., 1995 
1-20 mg/ml Rijnkels et al., 1995 
0.1% of endogenous Clarke et al., 1994 
3 ng/ml Clarke et al., 1994 
1 mg/ml Brem et al., 1994 
1-2 mg/ml Meade et al., 1990 
0.25-0.71mg/mi Maga et al., 1994 
0.1-36 p.g/ml Platenburg et al., 1994 
NQ Krimpenfort et al., 1991 
No expression Rijnkels et al ., 1995 
No expression Rijnkels et al., 1995 
WAP- Whey acidic protein, -lg- beta lactoglobulin, a-lg- alpha-lactalbumin, al-AT- a 1 -Antitrypsin, Human SA - Human serum albumin, SOD-
Super-oxide dismutase, CFTR- Cystic fibrosis trans-membrane conductance regulator, IGF- Insulin like growth factor, GH- Growth hormone, t-PA-
tissue-Plasminogen acivator, CAT- Chloramphenicol acetyl transferase. NQ - Not quantitated 
or near the site of integration of the construct influences the level and specificity 
of expression of the transgene, is called a position effect. However, some 
transgenes exhibit position-independent, copy number dependent, high levels of 
tissue specific expression (Grosveld et al., 1987; Forrester et al., 1987; Greaves et 
al., 1989; Bonifer et al., 1990). Such transgenes appear to be insulated from 
position effects. These observations suggested the presence of a locus control 
region (LCR) or dominant control region (DCR) (Grosveld et al., 1987) or locus 
activation region (LAR) (Forrester et al., 1987) within the transgene sequences 
near the gene/genes. Originally such a region was identified as a control region 
upstream from the human -gIobin locus (Grosveld et al., 1987). 
LCRs are characterised by tissue specific, developmentally stable DNaseI 
hypersensitive sites. In the human -g1obin gene cluster a 
different class of super (major) hypersensitive sites for DNase-I was identified far 
from the individual genes (Tuan et al., 1985; Forrester et al., 1989). These sites 
have been named super hypersensitive sites (SHSS) because they appear earlier in 
the course of DNaseI digestion than do the local (minor) hypersensitive sites 
located either near the individual globin genes or throughout the cluster (reviewed 
by Gross and Garrard, 1988). Tuan et al. (1985) identified a region of 6-25 kb 5' 
upstream of the human F--gene, containing five super hypersensitive sites (-6 kb, - 
11 kb, -14.5 kb, -17.5 kb and -21 kb) and a single site at about 20 kb 3' of the P- 
gene. Among these, three 5' upstream sites (-6 kb, -11 kb and -17.5 kb) and the 3' 
downstream site are erythroid specific sites. 
Unlike the stage specific minor hypersensitive sites, these erythroid 
specific major hypersensitive sites are found in a variety of erythroid cells 
regardless of whether the principal expressed gene is embryonic, foetal or adult 
globin. Thus a region of 90 kb is demarcated within the family of human 3-
globin gene cluster. The chicken 3-globin cluster has four upstream super 
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hypersensitive sites, one of which is constitutively present while the other sites are 
erythroid specific (Reitman and Felsenfeld, 1990). Grosveld et al. (1987) 
constructed a minilocus linking —21 kb 5' upstream region (containing all super 
hypersensitive sites), the human 3-globin gene with all its known local regulatory 
elements, and a 12 kb 3' region containing the downstream super hypersensitive 
site. Transgenic mouse carrying this minilocus expressed the human 3-globin 
gene in a position independent, tissue specific, copy number dependent manner. In 
contrast, it has also been shown that transgenic mice carrying 3-globin gene with 
the local regulatory sites alone, either was not expressed at detectable levels or 
was expressed at a very low level irrespective of the copy number (reviewed by 
Evans et al., 1990). 
Not all the hypersensitive sites are required for the action of the LCR. 
Expression analysis of human 3-globin transgenes with deletions of various super 
hypersensitive sites showed that the presence of the -11 kb site alone is sufficient 
to provide the LCR function and transgene expression in mice in a copy number 
dependent manner (reviewed by Evans et al., 1990). Studies carried out in two 
erythroid cell lines such as mouse MEL cells and human K562 cells showed that 
fusion genes (homologous and heterologous) containing the human -globin LCR 
exhibited a tissue specific, copy number dependent, high level of expression (van 
Assendeift et al., 1989). This suggests that the f3-globin LCR can confer tissue 
specificity on a variety of genes, provided the genes possess appropriate local 
regulatory elements. Tuan et al. (1989) carried out transient expression studies in 
K562 cells using fusion gene constructs composed of shortened human 3-globin 
LCR and a CAT gene. They observed a 300 fold increase in CAT activity when 
the construct contained 0.8 kb of human -globin LCR having the -11 kb Super 
hypersensitive site, suggesting some kind of powerful enhancer activity, although 
the LCR clearly raises transcription levels in a way that the local -globin family 
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enhancers and promoters do not. Jarman and Higgs (198 8) have identified nuclear 
scaffold attachment regions in the human -globin LCR, but these do not lie near 
the -11 kb super hypersensitive site. 
Festenstein et al. (1996) identified a locus control region within the 2 kb 3' 
flanking region of human CD2 gene. They identified three clusters of DNase-I 
super hypersensitive sites in this 2 kb region, of which the upstream cluster 
(SHSS-1) functions as the major enhancer. Expression studies in transgenic mice 
showed that deletion or truncation of the downstream cluster (SHSS-3) resulted in 
mosaic expression due to position effect variegation. In contrast, integration of the 
transgene with a complete LCR at the centromere did not show variegation of 
expression. Bonifer et al. (1990) have reported the presence of a regulatory region, 
possibly a locus control region in the chicken lysozyme minigene. All the seven 
founder mice carrying the chicken lysozyme transgene with its 11.5 kb 5' and 5.5 
kb 3' flanking sequences showed an integration site independent, copy number 
dependent, tissue specific high level expression of the transgene. 
Thus, the LCR has a dominant effect on the chromatin structure, insulating 
the gene/genes in its domain against the presumed suppressive effects of 
surrounding heterochromatin. 
As yet, a locus control region in the casein locus has not been identified. 
Unlike the human -globin locus, where the individual gene expression is 
temporally and spacially regulated, all the genes in the casein locus are expressed 
in the pregnant and lactating mammary gland. Moreover, it has been shown that 
mice homozygous for a deletion/knockout of the -casein gene, did not show any 
alteration in the mammary gland phenotype and/or the micelle forming ability of 
caseins (Kumar et al., 1994). Since deletion/alteration of the globin locus can 
result in anaemia, it appears that the selection pressure on the globin locus is much 
more strong as compared to the casein locus. 
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As illustrated in Table 1.8 very low levels of expression were observed for 
the bovine aSi and the rat P casein transgenes and casein promoter driven 
heterologous genes, while both the bovine K and aS2-casein transgenes did not 
show any detectable level of expression in transgenic mice. This may be due to 
the lack of sufficient 573' sequences containing the regulatory elements and/or due 
to some kind of position effect exerted on the transgene with respect to its 
integration site in the genome. It may also be due to the absence of a distant 
regulatory region in the transgene constructs, as was the case for the human 13-
globin gene. 
Studies carried out on the human 13-globin gene showed that most of the 
transgenic animals (70%) failed to express detectable amounts of transgene when 
only local regulatory sites accompanied the introduced 13-globin gene. Of those in 
which the transgene was expressed, the level of expression per copy was less than 
1% of the endogenous gene (reviewed by Evans et al., 1990). When the globin 
mini locus (including the LCR) was introduced into transgenic animals, the 
transgene was expressed in a position independent and copy number dependent 
manner. 
Among the casein transgenes, bovine 13-casein with 16 kb of 5' flanking 
sequence (Rijnkels et al., 1995) and bovine aSl driven human urokinase 
transgenes with 21 kb of 5' flanking sequence (Meade et al., 1990) showed 
integration site dependent, high level of expression in a few lines of transgenic 
mice, whilst a goat 13-casein (Persuy et al., 1992) transgene with 3 kb 5' and 6 kb 
3' flanking sequences showed copy number independent expression. In all other 
experiments, the casein transgenes or casein gene promoter driven transgene 
constructs contained flanking sequences ranging from 2-8 kb (5') and 1.5-19 kb 
(3'). 
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So far, no reports are available on transgenic studies using a 'casein mini 
locus' containing regions from the 5' upstream and 3' downstream sequences of the 
locus. Further experiments need to be carried out to determine whether there are 
sequences within the casein locus which would confer integration site 
independent, copy number dependent, mammary gland specific expression of 
casein or other transgenes. For example, the 5' upstream and 3' downstream 
regions of the locus could be examined for super hypersensitive sites, which might 
help to identify any locus control region for the genes in the loci. 
Interestingly, the first LCR described, not only confers position 
independent expression on a single gene but on a gene cluster - the 3-globin locus. 
The regulatory mechanisms for multigene loci can be studied by generating 
transgenic mice carrying large DNA fragments. In the case of the human beta 
globin gene cluster the whole locus is required for full expression with the LCR as 
an essential element. In humans, not in chickens, the globin genes are arranged in 
the order in which they are expressed during development, with 6-globin showing 
an embryonic and early foetal profile and 7-globin being expressed in the late 
embryonic stage and throughout the foetal period. Expression of -globin 
increases during the foetal period and becomes predominant in the adult. The LCR 
is required for activation of all these genes, since in naturally occurring mutants in 
which the LCR is deleted, the genes are intact, but silent. It has also been reported 
that a gene proximal to the LCR could compete with a distal gene for its 
expression, but one located distally will be unable to compete effectively 
(reviewed by Dillon and Grosveld, 1993). 
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1.2.4. Regulation 
For the sake of completeness and to avoid unnecessary 
repetition/duplication, the regulation of casein and whey protein genes are 
reviewed here. 
1.2.4.1. Role of hormones 
Topper (1970) first demonstrated that mammary tissue explants from mid-
pregnant mice synthesise caseins during short term incubation in a chemically 
defined medium containing prolactin, cortisol and insulin. This observation 
opened a new perspective in the understanding of hormone inducible gene 
expression, revealing that the interaction of multiple hormones may be involved in 
regulation of specific gene expression. 
The best characterised of the elements known to be important for gene 
regulation is the promoter, the region immediately upstream of each transcription 
initiation site. The promoter consists of binding sites for upstream factors and the 
basic transcription machinery, which is a very large complex with the TATA 
binding factor (TBP) as the central component. DNA binding proteins such as 
transcription factors, CCAAT binding proteins, enhancer binding proteins, 
octamer binding proteins and hormones act to promote or inhibit the basic 
machinery (reviewed by Johnson and McKnight, 1989). It has been shown that 
these elements provide control at many levels, such as tissue specificity, 
developmental and temporal specificity and in regulating the level of gene 
expression. But it is important to note that a promoter alone generally cannot drive 
efficient expression of a gene in cell transfection experiments and often fails to 
give any expression in transgenic mice. Another type of element that can 
potentiate gene transcription is the enhancer, which contains a collection of sites 
that can bind activating or suppressing protein factors (reviewed by Dillon and 
Grosveld, 1993). 
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Initial studies carried out in vivo and in vitro cultures of mammary gland 
from rabbit (1-loudebine and Gaye, 1975; Devinoy et al., 1978) rat (Matusik and 
Rosen, 1978) and mouse (Terry et al., 1977; Nagaiah et al., 1981) have clearly 
demonstrated that prolactin is responsible for the primary accumulation of casein 
mRNAs in the mammary gland. In order to determine the precise level at which 
prolactin exerts its effect, a comparison of the casein mRNA levels and the rate of 
transcription of casein genes has been carried out using different experimental 
approaches. From pulse labelling experiments, in rat mammary gland in tissue 
culture, it has been shown that prolactin exerts a pleotropic effect by increasing 
both casein gene transcription and the half life of newly synthesised mRNA 
molecules (Guyette et al., 1979). Similar results have been obtained by measuring 
the rate of 13-casein transcription and the -casein mRNA levels in pseudopregnant 
rabbits treated with prolactin (Teyssot and Houdebine, 1980). Rosen et al. (1986) 
reported that the major effect of prolactin on the regulation of casein mRNAs 
appears to be exerted at the level of nuclear RNA processing. Although the 
prolactin receptors have been identified and cloned (Davis and Linzer, 1989; 
Edery et al., 1989) little is known about how prolactin regulates transcription. 
Although prolactin is primarily responsible for milk protein gene 
expression, glucocorticoids and progesterone also play major roles in the 
modulation of the complex events involved in this process. While glucocorticoids 
alone are unable to induce casein gene expression, the presence of such steroids is 
absolutely necessary for the full induction of casein mRNAs by prolactin in 
mammary tissue cultures of rabbit (Devinoy et al., 1978) rat (Matusik and Rosen, 
1978) and mouse (Nagaiah et al., 1981). These results as well as those of 
Chomczynski et al. (1986), suggest that the regulation of 13-casein mRNA stability 
requires the simultaneous presence of both prolactin and g!ucocorticoid in these 
species. Inhibition of glucocorticoid receptor complex binding to nuclear acceptor 
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sites has also been shown to cause a near complete suppression of casein mRNA 
in in vitro cultures of murine mammary gland (Majumder et al., 1983). Houdebine 
(1980) suggested that progesterone has a potent inhibitory effect on prolactin 
stimulation of mammary cells. Progesterone antagonism to casein gene expression 
appears to result from competition with glucocorticoid for binding sites in the 
mammary cytosol (Banerjee et al., 1982, 1983). 
Danielson et al. (1984) reported the synthesis of caseins in the presence of 
insulin, hydrocortisone and prolactin in the COMMA! D mammary cell culture 
line. Using protein synthesis inhibitors, Poyet et al. (1989) have shown that post-
transcriptional effects of lactogenic hormones on casein gene expression in 
COMMA 1 D cells are mediated by labile protein(s) exerting a selective effect on 
casein mRNA stability. Sankaran et.al . (1984) reported a decrease in casein gene 
expression on oestrogen depletion, which was reversed by oestrogen 
administration. 
Hobbs et al. (1982) reported that glucocorticoids, in the absence of 
prolactin, stimulate considerably the level of WAP mRNA in tissue culture 
preparations of mammary gland, suggesting that the expression of the WAP gene 
is regulated independently of the casein genes. Welte et al. (1993) conducted in 
vitro DNase I footprinting experiments with a purified preparation of the 
glucocorticoid receptor from rat liver and showed the presence of multiple binding 
sites for the glucocorticoid receptors in the promoter regions of both the rat P- 
casein gene and the mouse WAP gene. The glucocorticoid receptor binding sites 
are in close proximity or even overlap with the binding sites for candidate factors 
involved in mammary cell specific gene expression and suggest direct co-
operation between glucocorticoid receptor and mammary cell specific 
transcription factors in mediating the expression of milk protein genes. 
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Analysis of the 5' flanking regions of casein genes has revealed several 
structural features representing potential progesterone and glucocorticoid receptor 
binding sites. Both the y and -casein genes contain a 16 nucleotide sequence 
homologous to the chicken ovalbumin gene 5' sequence involved in progesterone 
receptor binding and induction of ovalbumin gene expression (Rosen et al., 1985). 
Rosen and his colleagues also suggested from their experiments with a 7-casein-
CAT (chioramphenicol acetyl transferase) fusion gene that casein gene promoters 
when linked to a heterologous gene are extremely weak even in the presence of 
hormones. Although cells transfected with an entire rat 13-casein gene (David-
Inouye et al., 1986) expressed the gene, it was apparently not hormonally 
regulated. The loss of hormone responsiveness might be a result of transfection, 
cloning or due to the absence of some key regulatory (distant) sequences. 
1.2.4.2. Role of introns 
Lee et al., (1989) investigated the relative contribution of the promoter and 
intragenic sequences in the hormonal regulation of the 13-casein gene. They used 
explant cultures derived from transgenic mice bearing the entire 7.2 kb rat 3-
casein gene and a rat -casein promoter-CAT fusion gene, containing either 2300 
or 524 bp of 5' flanking DNA, exon I and 490 bp of intron I. They observed a 
maximal 4.5 fold increase in CAT activity in the presence of lactogenic hormones 
in contrast to a 25 fold induction of the entire rat 3-casein transgene. 
The role of introns in the regulation of the 3-lactoglobulin (whey protein) 
gene has also been reported. Whitelaw et al. (1991) reported that a hybrid gene 
containing 4.3 kb immediate 5' flanking region of sheep 3-lg and a genomic 
minigene of human a 1 -antitrypsin expressed much more efficiently than a 3-lg-
a 1 antitrypsin-cDNA hybrid gene in transgenic mice. They also observed a similar 
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pattern with the intact 3-lg gene compared to its corresponding intronless -lg 
minigene in transgenic mice. 
These results show that even though the promoter sequences contain 
elements important for tissue specific expression and prolactin induced 
transcription, they are clearly not sufficient to elicit the full expression of casein 
genes. The presence of putative progesterone binding sequences in the introns of 
bovine aS2-casein gene also suggests a regulatory role for the introns (Groenen et 
al., 1993) 
1.2.4.3. Role of Mammary nuclear factors 
Specific nuclear DNA binding factors, which regulate the transcription of 
differentially expressed genes, have been discovered in many cell types and 
tissues (reviewed by Johnson and McKnight, 1989). There are very few reports 
detailing the number of nuclear factors specific or enriched in mammary epithelial 
cells. Promoter regions of genes that are exclusively or preferentially expressed in 
mammary epithelial cells have been used to identify such factors. Several attempts 
have been made to identify the nuclear transcription factors that act on the milk 
protein gene promoters. Even though, a few nuclear transcription factors have 
been reported to have binding sites in the milk protein promoter region, these 
factors are not confined to the mammary epithelial cells (Schmitt-Ney et al., 
1992a). 
MGF 
Mammary gland factor (MGF) is a member of a novel family of 
transcription factors termed signal transducers and activators of transcription 
(Stat). Hence, MGF is now known as Stat5. Two Stat5 homologues have been 
identified, Stat5a and Stat5b, which are 96% similar at the amino acid level but 
differ significantly in their C-termini (Lui et al., 1995). The members of the stat 
family of transcription factors are present in many tissues and mostly participate 
in the signalling pathways in response to cytokines (reviewed by Ihie and Kerr, 
1995). 
Schmitt-Ney et al. (1991, 1992b) showed that certain sequences in the 
promoter region of rat -casein gene were recognised by a mammary gland 
specific nuclear factor (MGF), which is important in the regulation of 
transcription. Activation of MGF is mediated through the action of kinases and 
phosphatases. Mutation of the MGF binding site in the -casein gene promoter 
completely abolishes responsiveness of the promoter to lactogenic hormones in 
HC11 cells. Watson et al. (1991) have reported the presence of MGF binding 
sites, upstream from the transcription initiation site of sheep 3-1g. Groenen et al. 
(1992) analysed the bovine casein genes and identified two nuclear factors which 
are involved in the expression of the aS2-casein gene and the related calcium 
sensitive aSi and -casein genes. One of these factors is an octamer binding 
protein that binds around -50 and the other, a mammary gland specific factor that 
binds around -90 of the promoter region. These binding sites are highly conserved 
in all calcium sensitive casein genes of mouse, rat, rabbit and cattle. Wakao et al. 
(1992) reported that MGF is a single polypeptide of 89 kDa which recognises a 
specific DNA sequence that is conserved with slight variations in the a and P- 
casein gene promoters of cattle and rodents. 
Expression studies with native and modified milk protein genes in 
mammary cell lines, transgenic animals and DNA fingerprinting have 
demonstrated the occurrence of cis-acting regulatory elements in the proximal 5' 
flanking region of the bovine casein (except K-casein) and whey protein genes 
(reviewed by Maga and Murray, 1995). One of these elements, which is 
recognised by a specific mammary nuclear factor, is common to aS 1, aS2, and P- 
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caseins, 3-1g, a-la and rodent WAP genes (Mercier, 1992). Pierre et al. (1992) 
located a regulatory region between nucleotide -3768 and -3155 in the 5' upstream 
region of the aS 1 -casein gene which enhances the pro lactin induced promoter 
activity. 
roxyra- 
Experiments in mouse mammary cell culture showed that the progesterone 
regulation of 3-casein gene expression is mediated by a pregnancy specific 
mammary nuclear factor (PMF). It is reported to be a transcriptional repressor that 
binds to two separate sites of the -casein promoter region and mediates the 
inhibition of -casein expression by progesterone. An inverse relationship was 
observed between the gene expression and PMF binding activity (Lee and 
Oka, 1992). 
YY1 
The results of experiments conducted in the mammary epithelial cell line 
(HC 11) suggests that the nuclear factor YY1 represses transcription of the 3-
casein gene while the addition of purified mammary gland specific factor (MGF) 
decreased YY1 binding to its recognition site (Meier and Groner (1994). This 
indicates that MGF regulates the DNA binding activity of YY1, thereby 
preventing transcriptional repression. 
Casein gene expression and regulation are complex but a number of 
features common to all or many casein genes have been identified. Indeed, some 
of these elements/features are also shared by the whey protein genes. 
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1.2.5. Polymorphism 
Milk protein polymorphism was reported as early as 1955 by 
Aschaffenburg and Drewry. They discovered two electrophoretically distinct - 
lactoglobulins in bovine milk. Grosclaude et al. (1972) detected a polymorphism 
of bovine aS 1 -caseins by gel electrophoresis. So far, five bovine aS 1 -casein 
variants (A, B, C, D and E), two aS2-casein variants (A, D), seven 3-casein 
variants (Al, A2, A3 , B, C, D and E) and two -casein variants (A and B) have 
been identified. These casein variants differ from each other either by amino acid 
substitution or insertion/deletion of peptide sequences (reviewed by Fiat and 
Jolles, 1989). Deletion of amino acid residues only occurs in two cases, aS 1-
casein A (deletion of amino acids from positions 14-26 compared to the B-variant) 
and aS2-casein D (deletion of amino acids from positions 51-59 compared to 
(xS2-casein A). This latter deletion removes a ubiquitous putative multiple 
phosphorylation site of aS2-casein. Boulanger et al. (1984) reported the unusual 
complexity of the aS 1 -casein electrophoretic polymorphisms in the goat. Six 
variants (aS 1 -casein A, B, C, D, E, F) have been established for the caprine aS!-
casein. Among these, the D and F variants have an internal deletion of 11 and 37 
amino acid residues, respectively. Both deletions start at the same position 
(residue 59) and lead to the loss of a multiple putative phosphorylation site 
(Brignon et al., 1989, 1990). 
Milk production is a sex and age limited trait, as milk production and 
milk protein synthesis are confined to lactating (i.e. older) females. Thus the main 
disadvantages in analysing milk protein polymorphism are 1) lactating (i.e. older) 
females are required to produce the milk 2) genetic studies require more time, as 
the phenotype (and genotype) of offspring cannot be determined until lactation 3) 
the milk protein genotypes of males can only be inferred from their female 
progeny. Moreover, as is true for all polymorphisms revealed as protein 
29 
electrophoretic variants, not all changes at the nucleotide level will cause a change 
in amino acid/protein, and/or an overall change in the charge that can be resolved 
by electrophoresis. Genotyping at the DNA level should circumvent these 
difficulties. The study of genetic polymorphism at the nucleotide level has led to 
the discovery of new alleles, has provided information about the mechanism 
responsible for the occurrence of deleted caseins, and has enabled animals to be 
genotyped at birth, which is a useful tool in the breeding programme. 
Rando et al. (1987) reported that bovine Y,-casein genotypes could be 
determined even in the absence of the gene product. They carried out a restriction 
fragment length polymorphism (RFLP) analysis of the DNA of cows using the 
endonuclease PstI. Different DNA restriction patterns were observed for ic-casein 
AA and K-casein BB cows. Both types have two invariant fragments of about 6.8 
kb and 1.1 kb in addition to the polymorphic fragments - K-casein AA type (4.3 kb 
and 0.3 kb), BB type (4.6 kb alone) and with K-casein AB cows (all five 
fragments). RFLP analysis of the K-casein locus was also carried out by Damiarn 
et al. (1989). They observed polymorphic sites for the restriction endonucleases 
Hindu!, Hinfl, MboII and TaqI and as well as two polymorphic sites for MboII 
and TaqI in the non coding region which differentiated the A allele into two new 
variants, Al and A2. A Hindlil restriction site polymorphism in the bovine K-
casein gene has also been reported (Pinder et al., 1991). In addition to the HindlIl 
restriction site in the K-casein, Cronin and Crocket (1993) reported a RsaI 
polymorphism in cattle and bison. They mapped the HindilI and RsaI restriction 
sites and identified three alleles. Preliminary screening revealed one allele specific 
to cattle, one to bison and one shared by the two species. No fixed allelic 
differences were observed among cattle breeds or bison breeds. 
Threadgill and Womack (1990) reported RFLPs with four restriction 
enzymes, EcoRJ, Hindu!, MspI and TaqI in the casein loci, in three breeds of 
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cattle, Brahman, Hereford and Jersey. All four enzymes revealed RFLPs at the 
aSl locus (MspI, two fragments; EcoRI, five fragments; TaqI, six fragments; 
Hindill, two fragments). In the case of the aS2 locus EcoPJ and Hindlil produced 
monomorphic restriction patterns while MspI (six fragments) and TaqI (three 
fragments) were polymorphic. EcoRJ showed a monomorphic pattern for the 3 
and ic-casein loci while HindilI, MspI and TaqI were polymorphic. Brahman 
appeared to exhibit much more variation at the milk protein loci than did either the 
Hereford or Jersey. Twenty seven restriction fragments were specific to the 
Brahman, but only eight fragments were specific to the Hereford. In zebu like 
breeds, two new polymorphic sites for Hinfl were observed in the 5' untranslated 
region of the 13-casein gene (Sulimova et al., 1992). 
Di-Gregorio et al. (1991) reported nine RFLP in sheep using seven 
endonucleases and four cDNA probes specific for the aS 1, aS2, 3 and ic-casein 
genes. In contrast to the low level of variation observed at the protein level, this 
DNA analysis revealed considerable polymorphisms and a high level of 
heterozygosity that together represents a useful tool for genetic analysis. 
Genetic analysis demonstrated that the extensive polymorphism in goat 
aS 1 -casein is under the control of at least seven autosomal alleles, termed aS 1-
casein A, B, C, D, E, F and 0, which segregate according to Mendelian 
expectations (Grosclaude et al., 1987; Mahe and Grosclaude, 1989). Leroux et al. 
(1990) confirmed the protein polymorphism of the goat aS 1 -casein at the DNA 
level by RFLP analysis. Of the eleven restriction enzymes used, three enzymes, 
PstI, TaqI and RsaI allowed the identification of the various alleles. They also 
showed that the electrophoretic patterns of the aS 1 caseinE allele display one 
fragment which is 0.5 kb longer than its allelic counter parts and suggests that this 
allele arose from an insertion occurring in a region involved in the control of 
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expression of the aS 1 -casein gene, since this allele is associated with low aS 1-
casein content. 
RFLP analysis by restriction digestion and Southern blotting is both slow 
and time consuming. Methods based on polymerase chain reaction (PCR) 
technology (Saiki et al., 1988) offer faster and more sensitive alternatives. 
The complete structural organization of the goat aS 1 -casein transcription 
unit was established from PCR experiments and it was demonstrated that both 
deletions occurring within variants F and D arise from an improper processing of 
the primary transcript (Leroux et al., 1992). Ng-Kwai-Hang et al. (1991) 
confirmed the K-casein genotypes of Holstein bulls by PCR amplification of a 99 
bp region of the K-casein gene containing nucleotide substitutions diagnostic for 
the A and B variants. The two variants were confirmed by sequencing the 
amplified products. These analyses were performed on DNA isolated from semen 
and were in complete agreement with the analysis of milk samples for the protein 
variants in the corresponding daughters. 
PCR can be combined with restriction analysis such that RFLPs are 
converted to PCR-RFLPs, in which the polymorphic fragments are revealed by 
ethidium bromide staining rather than by blotting and hybridisation or by 
sequencing the amplified product. For example, the K-casein variants can also be 
identified by PCR-RFLP (Zadworny et al.,1990; Zadwomy and Kuhnlein, 1990). 
A PCR amplified product (99 bp region) from the ic-casein gene in Holstein cows 
was restriction digested with MboII (A-variant specific) or TaqI (B-variant 
specific) and the results were found to be in agreement with known ic-casein 
phenotypes. Using PCR and restriction analysis Lien et al. (1992) identified 
multiple alleles (Al, A2, A3, and B) of 13  casein in cattle. Genotyping of the K-
casein locus of the crossbred Russian Black Pied and cross bred Zebu cattle by 
protein polymorphism and DNA polymorphism revealed a new allele of the K- 
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casein gene (K-Casein F; Sulimova et al., 1992). Other methods of detection of 
allelic variation include the use of allele specific primers and hybridising the 
Southern blotted PCR products with allele specific oligos. 
The effect of the different protein variants on the physico-chemical and 
technological characteristics of milk has been analysed. For example many 
authors have reported that the A and B variants of ic-casein have different effects 
on cheese making. Sherbon et al. (1967) observed that milk from cows 
homozygous for the ic-casein B allele produces a coagulation of better consistency 
and a firmer curd than the milk from cows homozygous for the K-casein A allele. 
Grosclaude (1988) reported that the ic-casein B variant is superior to the A variant 
in clotting properties and cheese-yielding capacity of milk. Anema and Creamer 
(1993) reported that micelle solvation (g H 20/g dry casein micelle pellet) was 
often found to be lower for bovine milk containing either the B variant of aS 1-
casein or the A variant of Y.-casein. They also found that these two casein variants 
were associated with a lower ic-casein content of the milk. In milk, micelle 
solvation is greatly influenced by the ic-casein content. Higher amounts of ic-
casein are associated with smaller micelle size and greater soivation. 
In the goat, the A, B and C alleles of aS 1 -casein are associated with a high 
amount (3.6 gIl), the D and F alleles are associated with low amount (0.6 g/l) and 
E allele is associated with an intermediate amount (1.6 Wi) of aSi-casein in milk. 
The cxSl-casein° allele may be a true null allele (Grosciaude et al., 1987; Mahe 
and Grosciaude, 1989). Milk from goats homozygous for the aS 1 -casein A allele 
have smaller micelles and provide significantly higher cheese yields than goats 
homozygous for the F allele. Also the milk from aS 1 -casein A homozygotes 
shows increased curd firmness, which may be due to the differences in protein 
structure (reviewed by Martin and Grosclaude, 1993). 
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Bovenhuis (1992, 1993) studied the association between milk protein 
genotypes and production traits using data on milk protein types. He reported that 
the K-casein gene tends to be associated with protein content, 3-lg with fat content 
and the 3-casein gene with both protein and fat content of milk. Bovenhuis et al. 
(1992) reported the effect of milk protein genotypes using single gene analysis 
and multigene analysis. The results indicated that some effects ascribed to certain 
milk protein genes in the single gene analysis were not effects of the milk protein 
gene itself but of linked genes. It was found that K-casein genotypes influence 
protein percentage, -casein genotypes - milk yield, fat percentage and protein 
yield and -lg genotypes - fat percentage. It was unclear whether this was due to 
the direct effects of milk protein genes or effects of linked genes. Martin (1993) 
reported that goat aS 1 -casein provides a remarkable model in which quantitative 
allelic variability occurs in addition to the classic structural polymorphism and is 
controlled by at least 14 alleles at the aS 1 casein locus, distributed in 6 different 
classes of protein variants, which are divided into four levels of expression. 
Lien et al. (1993) analysed three bovine casein loci, cxSl, 3 and K for 
genetic linkage. A total of 330 individual sperm cells from a triply heterozygous 
bull were selected and the DNA amplified in a two step polymerase chain reaction 
to achieve a high specificity of amplification. No recombinants were found among 
the 330 single sperm cells analysed, giving a lod score higher than 30 (i.e odds of 
1030 : 1 in support of linkage) and providing evidence for very close linkage 
between the bovine casein genes. They also observed that the frequencies of some 
casein variants in Norwegian cattle are very low (aS 1-C, 0.05; 3-A 3 , 0.004; n-B, 
0.02 and K-B, 0.15). 
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1.3. Whey proteins 
In addition to caseins, the major whey proteins present in milk are alpha 
lactalbumin (cc-la), beta lactoglobulin (-1g) and whey acidic proteins (WAP). 
Among these cc-la is the major whey protein in most mammalian species (Brew 
and Hill, 1975), while WAP is the major whey protein, in mice and rats 
(Hennighausen and Sippel, 1 982b). 
1.3.1. a-Lactalbumin gene 
Alpha-lactalbumin is involved in lactose synthesis and the corresponding 
gene has been completely sequenced for several species including bovine (Vilotte 
et al., 1987), human (Hall et al., 1987) and caprine (Vilotte et al., 1991). The gene 
has a 2 kb transcription unit with 4 exons. It has been proposed that both a-la and 
lysozyme (an enzyme that catalyses the hydrolysis of a glycosidic linkage in 
polysaccharides) have arisen from a common ancestral gene (Brew et al., 1967). 
This hypothesis has been confirmed by a comparison with the structure of the 
chicken egg white lysozyme gene (Qasba and Safaya, 1984). Both genes contain 
three introns at similar positions and the first three exons are quite similar in 
sequence - 43 to 56% identity. The positions of introns are conserved between 
human and rat cc-la genes, but the intron sizes differ markedly between the two 
species. 
In mice mammary explant culture, induction of a-la gene expression 
requires the synergistic action of insulin and prolactin (or placental lactogen) and 
is maximal in the presence of 3 x 10 8 M glucocorticoid, while high 
concentrations of glucocorticoid inhibit a-la gene induction at both the RNA and 
protein levels (Ono and Oka, 1980). This inhibitory effect can be reversed by 
thyroid hormone and prostaglandins (Bhattacharjee and Vonderhaar, 1984). 
Mammary tissue-specific expression of bovine (Vilotte et al., 1989) and caprine 
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(Soulier et al., 1992) cc-la genes in transgenic mice has been reported (Table 1.8). 
Expression analysis of the bovine transgene shortened at the 5' end (Soulier et al., 
1992) or substituted with a trophoblast interferon cDNA in the coding frame 
(Stinnakre et al., 1991) indicated that 0.4 kb of 5' and 0.34 kb of 3' flanking 
sequences are sufficient for mammary specific and correct developmental 
expression but not for high levels of expression. 
1.3.2. -Lacfog1obuIin gene 
The complete sequence has been determined for the ovine -lg gene 
(Harris et al., 1988) while the bovine gene has been partially sequenced (Silva et 
al., 1990). The ovine gene has a transcription unit of 4.7 kb, containing 7 exons. 
The organization of the gene is similar to that of genes encoding mouse major 
urinary protein (MUP) and retinol binding protein (RBP) (Ali and Clark, 1988). In 
sheep the 3-lg gene is expressed initially at mid-pregnancy, increases slowly until 
parturition and more rapidly thereafter (Harris et al., 1991). In cultured ovine 
mammary explants, expression of 3-lg appears to be less dependent on lactogenic 
hormones than are the casein genes. Moreover, in transgenic pigs it is shown that 
glucocorticoid and insulin have only a slightly synergestic effect on prolactin 
induction of -lg expression (Shamay et al., 1992). In transgenic mice expression 
of 3-lg transgene and the endogenous -casein gene appears to be similar (Harris 
et al. 1991). In marsupials induction of cc-la and 3-lg depends only on prolactin 
(Collect etal., 1990, 1991). 
Expression levels of -lg transgenes are shown in Table 1.8. Tissue 
specific expression of the native ovine 3-lg gene (Simons et al., 1987) and 
derivatives thereof have been reported in transgenic mice. Transgenic studies 
carried out with progressive resection of the 5' flanking sequences of the ovine P-
ig gene indicated that 0.4 kb upstream from the transcription unit was sufficient 
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for high, tissue specific expression. The region -406 to -149 appears to be 
essential, but not necessarily sufficient for high tissue specific expression 
(Whitelaw et al., 1992). In vitro binding assays (Watson et al., 1991) identified at 
least five binding sites for nuclear factor 1 (NF 1) and three sites for a specific 
mammary gland factor termed milk protein binding factor (MPBF) in the -406 bp 
promoter region of the f-lg gene. The recognition site for this milk protein 
binding factor might be a 13 bp palindromic nucleotide stretch, 
GATTCCNGGAACC, that is structurally similar to motifs shared by the proximal 
5' flanking regions of the genes encoding other major milk proteins (Vilotte and 
Soulier, 1992). 
Ovine 3-lg gene sequences have been used in attempts to target the 
expression of human proteins to the mammary gland of transgenic animals. A 
hybrid gene consisting of 4.3 kb 5' flanking sequences including the promoter 
from the ovine -1g gene fused to a mini gene encoding human a 1 -antitrypsin 
have been highly expressed in the mammary gland of one line of transgenic mice 
(7 mg/ml; Archibald et al., 1990) and in transgenic sheep (35 mg/ml; Wright et 
al., 1991). In contrast, for a hybrid gene comprising the human antihaemophilic 
factor-IX cDNA inserted into a ovine -lg gene, expression was very low (25 
ng/ml) in transgenic sheep (Clark et al., 1989). 
1.3.3. Whey acidic protein (WAP) gene 
The amino acid sequence inferred from cDNA sequences clearly indicates 
that WAP belongs to the 'four disulfide core' family, which includes wheat germ 
aggluttinin, several snake venom toxins and the neurophysins (Hennighausen and 
Sippel, 1982b). All these proteins share a common pattern of cysteine residues. 
The arrangement of the cysteines is quite similar in the two domains of WAY and 
not much different from the arrangement observed in bovine neurophysin. No 
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similarity was reported in other amino acid or nucleotide sequence between the 
two domains of WAP or between WAP and neurophysin (Hennighausen and 
Sippel, 1982b). The two cysteine domains of WAP gene are encoded by exons 2 
and 3 which might have resulted from an intragenic duplication (Hennighausen et 
al., 1982b). The WAP gene has been sequenced for the mouse, rat (Campbell et 
al., 1984) and rabbit (Thepot et al., 1990). The gene extends over 2.8 kb in the rat 
and 3.3 kb in the mice and is composed of four exons divided by three introns. 
The difference in sizes of the WAP genes in mice and rats is primarily due to a 
difference between the third intron, 1.1 kb in mice but only 0.5 kb in rat. 
WAP is abundantly expressed in mammary epithelial cells and the mRNA 
accounts for 10 to 15% of mammary polyadenylated RNA in lactating rat, mouse 
and rabbit (Hennighausen and Sippel, 1982b; Hennighausen et al., 1982b; Hobbs 
et al., 1982). Unlike -casein, expression of the WAP gene is delayed in mouse 
mammary tissue until the 14th day of pregnancy (Harris et al., 1991., Pittius et al., 
1988) and a several thousand fold increase occurs at mid-lactation as a result of 
proliferation and differentiation of epithelial cells. Induction and maintenance of 
endogenous WAP gene expression depends upon the synergistic action of 
lactogenic hormones (prolactin, glucocorticoid and insulin) and cell-cell and cell-
extracellular matrix interactions. When mammary epithelial cells lack the correct 
spatial structure and cellular environment, secretion of at least one inhibitor might 
be responsible for the specific post transcriptional suppression of WAP expression 
(Chen and Bissell, 1989). 
Analysis of WAP hybrid gene constructs e.g. WAP-myc (Schnenberger et 
al., 1990), WAP-CAT (Doppler et al., 199 1) in transfected mammary organ 
culture and mammary epithelial cell line HC 11, respectively revealed the presence 
of several regulatory motifs scattered along the 2.5 kb 5' region flanking the WAP 
gene. These features were confirmed by analysis of transgenic animals carrying 
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native and modified WAP genes. Levels of expression of native and hybrid WAP 
genes in transgenic animals are shown in Table 1.8. Transgenic mice carrying a rat 
WAP gene with 949 bp of 5' and 70 bp of 3' flanking DNA was expressed at 
levels comparable to or higher than that of the endogenous gene (Dale et al., 
1992). 
Lubon and Hennighausen (1987) reported the presence of four mammary 
nuclear protein-binding sites in the -175 to -88 region, upstream from the murine 
WAP transcription unit, which shares common motifs with proximal 5' flanking 
regions of other milk protein genes. 
1.4. Chromosomal location of milk protein genes 
Casein loci have been assigned to chromosome 5 in mouse (a, 13, y; Gupta 
et al., 1982), 12 in rabbit (a, 13;  Gellin et at., 1985), 4 in human (f3; Menon et al., 
1992), 4 in sheep (aSl, aS2, 13, x; Hayes et at., 1993a, b, Ghali et at., 1991; 
Leveziel et al., 1991), 6/4 in cattle (aSi, aS2, 13, ; Womack et at., 1989; 
Threadgill and Womack, 1990; Hayes et al., 1993a) and 8 in pigs (aSi, aS2, [3, ; 
Archibald et at., 1995; Rohrer et at., 1994). Chromosomes 4 and 6 are difficult to 
discriminate in domestic ruminants, hence, the discrepancy between the 
chromosomal assignment of casein loci in cattle (reviewed by Mercier and Vilotte, 
1993). The assignment of the casein loci to a single chromosome supports the 
possibility that they are members of a multigene family. The organization of the 
bovine K casein gene, together with its upstream sequence confirms that it is 
unrelated to the genes encoding the calcium sensitive caseins to which it is linked 
(Alexander et at., 1988). Long range restriction analysis revealed that in bovines 
the casein genes are arranged in the order of aS 1 -f3-aS2-K within a 200 kb 
fragment (Ferretti et at., 1990; Threadgiti and Womack, 1990). The close 
proximity of the casein genes shows that the genes are tightly linked and might be 
dependent on a locus control region as in the case of human -globin locus. 
Leveziel et al. (199 1) reported that casein genes are also very closely linked in the 
sheep genome. 
Some of the genes encoding the major whey proteins have also been 
assigned to chromosomes. The a-la locus is present on chromosome 5, 3 and 12 in 
bovine, ovine and human respectively and the murine WAP locus occurs on 
chromosome 11. The 3-lg locus was assigned to chromosome 3 in sheep and 11 in 
goat and cow and one pseudogene has been reported for -lg in the ovine and 
caprine species (reviewed by Mercier and Vilotte, 1993). 
1.5. Gene families and evolution 
1.5.1. Mulligene families 
Multigene families are groups of genes with similar sequences and 
generally have related or overlapping functions that are thought to have arisen by 
gene duplications. Gene duplications due to unequal crossing over are well 
documented (Meada and Smithies, 1986). It is also reported that gene duplication 
may occur at substantial rates, 104  to  10-6,  per locus per generation (Shapira and 
Finnerty, 1986). New genes may evolve when mutations occur in the members of 
a multigene family for which selection has been relaxed (Ohno, 1970). Other 
mechanisms involved in the evolution of multigene families include gene 
conversion, replication slippage and duplicative transposition. As a result of the 
continued occurrence of such interactions, 'concerted evolution' of gene families 
often takes place, so that genes belonging to a family within a species, even if 
their chromosomal locations differ, are more similar than those in different species 
(Ohta, 1989). The various gene families range from those with extremely diverse 
functions, such as the protein kinase family (Hunter, 1987), to those with very 
variable members, e.g. immunoglobulin genes (Hood et al., 1975), and those 
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consisting of uniform members, like ribosomal RNA genes (Dover, 1982; 
Arnheim, 1983). 
All existing gene families are the products of millions of years of 
evolution. The organization and diversity of each family reflect the effects of 
natural selection. Therefore it appears that the variability contained in each gene 
family is the product of natural selection for optimum diversity. The simplest way 
to acquire new functions would be through duplication of a whole gene with 
subsequent differentiation by nucleotide substitution. Many multigene families 
exemplify this mechanism - immunoglobulins, cytochrome P450, haemoglobins, 
growth hormone, interferon-a, esterase, lactic dehydrogenase, chorion, 
vitellogenin, kallikrein and others. In some cases, differentiation of regulatory 
regions such as enhancers or promoters is more important to the organisms than 
that of coding regions as seen in lactic dehydrogenase or esterase (Markert, 1987). 
Differentiation in both regions may be significant in still other cases as in the 
haemoglobin and chorion genes (Perutz, 1983; Goldsmith and Kafatos, 1984). 
Multigene families with uniform members like those of ribosomal RNA 
and histone are special cases of gene duplication, in which functional uniformity 
rather than diversity of gene copies is essential. The redundancy is acquired 
because of the need for a large amount of the corresponding gene products. Thus, 
the expression capacity has been the main subject for evolutionary adjustment in 
such gene families. However, in some cases there is spatial or temporal 
differentiation in expression among subgroups of a gene family such as oocyte or 
somatic cell types of Xenopus 5SrRNA (Federoff, 1979), and therefore, functional 
differentiation exists even in such gene families. 
Whether or not the members of a gene family are uniform, they would 
have evolved to meet the needs of an organism. The rat y-crystallin gene family 
represents an example of a mixed pattern of concerted and divergent evolution 
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(den Dunnen et al., 1986). There are six tandemly arranged genes in this family, 
each contains internal repeats, separated by introns. By comparing the six gene 
copies, it was found that the sequences of the second exons are very similar 
presumably as a result of concerted evolution, whereas the third exons are very 
different and thus show evidence of divergent evolution. Thus even in the same 
gene family, different evolutionary patterns are observed. In general, it is thought 
that the molecular interaction mechanisms, such as unequal crossing-over and 
gene conversion, are responsible for concerted evolution. When the rate of 
occurrence of such interactions is high, a uniform gene family is expected, 
whereas when it is low, the family becomes variable (Ohta, 1980, 1983a, b). 
Diversity between members of multigene families reflects the need of the 
organism, and must have evolved by natural selection. It is also conceivable that 
when sequences diverge enough, molecular interactions are inhibited and genes 
become more and more differentiated to form a supergene family (reviewed by 
Ohta, 1991). 
Increases in functional diversity have been attained even without gene 
duplication. The two main mechanisms are diversification of gene expression and 
post-translational modification. Some of the major taxon-specific lens crystallins 
are closely related to enzymes (de Jong et al., 1989). c-crystallin that occurs in 
birds is shown to be a lactate dehydrogenase (Wistow et al., 1987), 2-crystallin in 
birds appears to be an argininosuccinate lyase (reviewed by Ohta, 1991), and t-
crystallin in fish and birds appears to be an a-enolase (Wistow et al., 1988). It 
seems that, in such cases, without gene duplication, the same gene may code both 
for an enzyme and for a structural protein, and is thought to arise through 
acquisition of new regulatory elements. The egg-laying hormone of Aplysia is 
encoded by a member of a multigene family of three tandem genes (Scheller et al., 
1982). The proteins encoded by this family are characterized by extensive post 
42 
translational modification, i.e., proteolytic cleavage. Many different small 
peptides are produced from the three gene products and their functions depend 
upon the site of cleavage. Other examples in which proteolytic cleavage is 
important may be found in the precursors of the opiate peptides (Nakanishi et al., 
1979; Noda et al., 1982). Corticotropin-3-lipoprotein precursor contains several 
duplicated coding regions of peptide hormones and is cleaved to yield a number of 
different hormones, such as corticotropin, endorphin and melanotropin. The gene 
encoding adrenal enkephalin has quite a similar organization. Thus, proteolytic 
cleavage is an important mechanism through which a single gene or transcription 
unit can have many functions or yield multiple products. 
Finally, another mechanism through which additional functions can be 
acquired without recourse to gene duplication is differential splicing. The 
immunoglobulin gene family is an example for this (reviewed by Ohta,1991). 
1.5.2. Casein genes 
The casein genes seems to be structurally quite different since the sizes of 
the transcription unit ranges from 8.5 to 18.5 kb and the number of introns ranges 
from 4 to 18 (Mercier and Vilotte, 1993). Interspecies comparison of milk protein 
genes in 12 species confirmed their high rate of evolution, but that the overall 
gene organisation is conserved for each class of casein e.g. 3-casein genes 
(Mercier, 1992). Based on the rate of divergence of the casein signal peptides, a 
calcium sensitive casein-like gene appears to have originated 300 million years 
ago, at the time of the appearance of primitive mammals (Dayhoff, 1976). This 
casein-like gene may have been the result of exon recruitment bringing together 
the basic elements of modem casein: a 5' non coding region, a signal peptide exon, 
an exon with a minor phosphorylation site at its 3' end and a hydrophobic domain 
(Jones et al., 1985). 
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Between the appearance of primitive mammals (300 million years ago) 
and mammalian radiation (75 million years ago) two types of duplication have 
occurred. The phosphorylation exon was duplicated intragenically to create the 
series of small exons observed in the rat 13  casein gene. Intergenic duplication also 
occurred creating the individual members of the calcium sensitive caseins (Fiat 
and Jolles, 1989). Caseins are one of the most rapidly evolving protein families, 
studied so far. Jones et al. (1985) reported that in many species only three regions 
of the casein mRNAs are conserved: the 5' non coding region, the signal peptide 
coding region and the region encoding the phosphorylation sites. These regions 
correspond exactly to the nutritional role of the caseins which requires three 
functions: 1) to be secreted 2) to form protein aggregates termed micelles and 3) 
to be phosphorylated to allow Ca 2l binding and transport. The conserved 5' non 
coding region and the signal peptide allow the secretion of the protein. The 
caseins aggregate to form micelles by the interaction of their carboxy-terminal 
hydrophobic domains and the conserved phosphorylation sites allow the binding 
of Ca2t 
Nucleic acid and amino acid sequence comparisons indicate that the three 
calcium sensitive caseins evolved from a common primordial gene (Stewart et al., 
1987). A common ancestor hypothesis for the aS 1, aS2 and 13 casein genes is 
supported by the finding of common sequence motifs in the proximal 5' flanking 
regions and the similar organisation pattern of the first four exons. In particular, 
the second exon comprises the remaining part of the 5' untranslated region and the 
coding frame for the signal peptide and the first two amino acids of the mature 
polypeptide chain (reviewed by Mercier and Vilotte, 1993). Comparison of the 
sequences of the bovine casein genes ((xS 1 ,aS2 and 13) revealed that aS 1 has 
diverged much further than aS2 and 13 and the latter genes could have evolved 
from a common ancestor by means of gene duplication (reviewed by Bonsing and 
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MacKinlay, 1987) (Fig. 1.6). The observations of Groenen et al. (1993) provide 
evidence for a closer evolutionary relationship between aS2 and 13-casein genes 
on the basis of nucleotide sequence and exon size similarities. Stewart and 
MacKinlay (1984) compared the cDNA sequences of the four bovine caseins with 
those of rat and mouse and were of the opinion that the casein gene family has 
undergone unusually rapid evolution and the bovine ic-casein might have evolved 
from a different ancestral gene since it does not share any common pattern with 
other casein genes. 
The ic-casein gene, is believed to have evolved from the same primordial 
gene as the y-chain gene of fibrinogen (Stewart et al., 1984). Fibrinogen is the 
serum protein which when cleaved by thrombin, serves an analogous function in 
the blood clotting cascade as ic-casein does in milk curd formation. Blood and 
milk clotting processes are two physiologically important coagulation process. 
Jolles and Henschen (1982) described the following common features in the 
coagulation mechanism of blood and milk: a) limited proteolysis- thrombin 
cleaves only two Arg-Gly bonds in the Acx and BP chain of fibrinogen, similarly 
chymosin cleaves a unique Phe-Met bond in ic-casein; b) during the coagulation 
process short soluble peptides are released- the fibrinopeptides A and B and the ic-
caseinoglycopeptide c) the structures of both peptides are highly variable from one 
species to another d) some amino acids have never been found in any 
fibrinopeptides as well as in K caseinoglycopeptides, Cys and Trp e) all 
fibrinopeptides carry a substantial negative charge and the ic-caseinoglycopeptides 
are also acidic. 
Nucleotide sequence comparison, mouse ic-casein cDNA was shown to 
share similarity only with the second half of the rat y-fibrinogen cDNA. While 
with human y-fibrinogen cDNA the similarity spanned two regions, one between 
nucleotides, 1-328 and the second between nucleotides, 591-726 (Thompson et al., 
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1985). Alexander et al. (1988) reported that the most striking similarity observed 
between the cDNA involves a nucleotide stretch corresponding to the 5' end of K-
casein exon IV and the 3' end of y-fibrinogen exon II. Jolles et al. (1978) 
hypothesised that K-casein and -y-fibrinogen may have evolved from a common 
ancestor. The strong similarity between P and y chains of fibrinogen indicates that 
they have a common ancestor that should have existed more than 450 million 
years ago. As K-casein seems to have appeared much later during evolution than 
the fibrinogen genes it is reasonable to speculate that it could have evolved from 
the y chain of fibrinogen (Fig. 1.6). 
Except histone and interferon most eukaryotic nuclear genes (Breathnach 
and Chambon, 198 1) contain intervening sequence or introns (Gilbert, 1978). The 
introns are transcribed into pre mRNAs but are excised prior to export of the final 
mRNA from the nucleus. Although some intronic sequences appear to be 
conserved, their biological and evolutionary significance is unclear (Sharp, 1985). 
It has been suggested that introns provide a mechanism for generating diversity 
during evolution (Gilbert, 1985). 
One of the best studied examples of a gene family is the globin family 
where an initial duplication gave rise to the ancestors of the modem a and 3-
globins which in turn underwent further duplications to generate clusters of linked 
genes (Efstratiadis et al., 1980). Duplication of a gene creates the opportunity for 
one of the duplicate copies to diverge from the other and to acquire additional or 
modified functions. In the case of the -globins individual members of the cluster 
are adapted to function under different physiological conditions and are expressed 
at different stages of development. 
The human -globin gene cluster contains five active globin genes 
arranged in the order , c, Gy, Ay, ö and 13  together with two pseudogenes and 
extensive tracts of DNA between the genes (Efstratiadis et al., 1980). All five 
Fibrinogen-a chain 
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Fig. 1.6. Tentative evolutionary relationship between fibrinogen and K-
casein and the calcium sensitive casein genes by gene 
duplication (redrawn from Fiat and Jolles, 1989 and 
Bonsing and MacKinlay, 1987). 
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genes are interrupted by two introns at identical locations, the first is located 
between codons 30 and 31 and the second is between codons 104 and 105. Since 
the human a-globin genes, as well as mouse a and -globin genes, the chicken - 
globin genes and the four rabbit -globin genes also contain two introns at 
homologous locations, it is reasonable to assume that these interruptions pre-date 
the emergence of separate a and 3-g1obin genes about 500 million years ago. In 
human the -globin gene cluster is located in chromosome 11 and the a-globin 
gene cluster is located in chromosome 16. All the genes in each cluster are 
transcribed from the same DNA strand and are arrayed on the chromosome in the 
order of their expression during development: (-g1obin gene 
cluster) and 5'-42-4 1 -a2-a1 -3'(a-globin gene cluster) (reviewed by Maniatis et al., 
1980). However, the four chicken -g1obin genes (5'pH...E..3') are not arranged 
in the order of their expression during development, as the two embryonic genes 
are found on either side of the adult genes (reviewed by Evans et al., 1990). 
In the human 3-g1obin gene family, the two closely related foetal genes 
(Gy and Ay) have clearly arisen by a recent dupliction within the cluster (Maniatis 
et al., 1980). Comparison of the duplicated DNA segments can reveal something 
about the modes by which genic and intergenic DNA diverge in evolution. 
Phylogenetic comparisons of primate -globin gene clusters show that the 
duplication probably occurred 20 to 40 million years ago in the lineage leading to 
old world monkeys, apes and man (Barrie et.al ., 1981). Since then, the sequences 
of most of the two block repeats have diverged about 14% from each other and 
have also accumulated numerous very small deletions and insertions (reviewed by 
Jeffreys and Harris, 1982). However, one substantial region (1500 bp long) 
including most of the Gy-globin gene is more than 99% identical to the 
corresponding region around Ay-globin gene and it has been suggested that the 
region has been homogenised by gene conversion between misaligned y-globin 
repeats very recently in evolution. Gene conversion between related DNA 
sequences seems common in evolution and appears to operate not only within 
protein coding gene families but also in middle and highly repetitive DNA 
sequences. It may serve to maintain sequence homogeneity within a family 
(reviewed by Jeffreys and Harris, 1982). 
Gene clusters are inherently unstable entities that can expand, contract and 
disperse during the course of evolution. Natural selection will eliminate the 
unfavourable, leaving neutral and advantageous changes to be fixed in evolution. 
Although it is difficult to distinguish between neutral and selective changes, some 
degree of adaptive change has accompanied the Gy - Ay globin gene duplication in 
man and the A - CO duplication in the goat, in which the duplicated genes tend to 
be expressed at different stages of development. 
1.6. DNA methylation and CpG islands 
1.6.1. Methylation and gene expression 
DNA methylation provides one mechanism for stably altering the local 
structure of a gene and in this manner may play a role in the regulation of gene 
activity in cells. In order to understand how methylation influences gene 
expression it is instructive to follow the path of a typical tissue specific gene 
through development. Animal somatic cell DNA is characterised by a bimodal 
pattern of methylation, the tissue specific genes are almost fully methylated in 
sperm and probably in the female germ line and remain methylated throughout 
early development and in all non-expressing adult somatic tissues. Demethylation 
is usually observed in the specific tissue of expression. While constitutively 
expressed housekeeping genes generally contain CpG islands (see 1.6.2) that are 
completely unmethylated in the germ line and in all somatic cells. Thus the DNA 
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methylation pattern is a relatively fixed element of the genome that distinguishes 
at the molecular level the inactive and active genes of each cell type (Bird, 1986). 
Methylation inhibits gene expression by affecting the protein-DNA (gene) 
interactions required for transcription. Unmethylated DNA adopts a DNAase-I 
sensitive structure typical of active genes, while fully methylated sequences are 
resistant to DNAase-I and are structurally similar to inactive genes (Keshet et al., 
1986). Thus the presence of methyl moities appears to be capable of altering 
interactions between the DNA and the factors involved in the generation of the 
DNAase-I sensitive or insensitive configuration. DNA methylation not only alters 
the overall structure of a gene but may also interfere with the binding of protein 
factors at discrete cis-acting sites (Bird, 1986). 
Studies on the y-globin gene have shown that methylation plays a role in 
the repression of this gene. In fibroblasts the endogenous gene is highly 
methylated and unexpressed but unmethylated copies of the gene introduced in 
transient transfection experiments are transcriptionally active when introduced 
into the same cell types. It has also been shown that the exogenous gene is 
inactivated by in vitro methylation (Busslinger et al., 1983). Yisraeli et al. (1986) 
have reported that methylation represses the expression of the muscle specific cc-
actin gene when introduced into fibroblasts but not in myoblast cells. The 
myoblasts obviously contain the information required to recognise and activate the 
a-actin gene despite the presence of methyl moities. In myoblasts the gene 
undergoes site specific demethylation as does the endogenous gene. 
Treating cell types (e.g. embryonic mouse fibroblasts, lOT 1/2 cells) with 
5-azacytidine - a potent demethylating agent - results in the activation of certain 
genes presumably by reversing the methyl mediated state of repression (Gartler 
and Riggs, 1983). It causes a marked transient genome wide demethylation in 
treated cells. It is not clear whether it is this demethylation that is responsible for 
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the activation process, as this drug has other biological activities and has been 
shown to induce genes in organisms that lack 5-methyl cytosine (Tamame et al., 
1983). In most systems where 5-azacytidine has been used stable 
undermethylation is restricted to activated genes, and raises the possibility that 
demethylation may actually be secondary to specific gene recognition events, 
mimicking what may occur during normal development (Konieczny and Emerson, 
1984). 
Methylated CpGs are protected against nonspecific nucleases (Solage and 
Cedar, 1978) and against most restriction enzymes that recognise the dinucleotide 
CpG (Antequera et al., 1989). Meehan et al. (1989) identified a protein, MeCP1 
(Methyl CpG binding protein) in extracts from mouse cells which binds to DNA 
that is symmetrically methylated at multiple CpGs. Such an indirect model for 
transcriptional repression by methylated CpGs is also reported by Boyes and Bird 
(1991). They observed a transcriptional inhibition at low template concentration 
and could overcome the inhibition either by increasing the concentration of 
methylated template or by addition of methylated competitor DNA. They pointed 
out that the transcriptional repression of methylated DNA acts via a mediator 
protein which is indistinguishable from MeCP I. 
Inactivation of the X-chromosome in mammalian females may also be due 
to DNA methylation (Liskay and Evans, 1980). It has been reported that the X-
inactivation is accompanied by heterochromatinization of much of the X-
chromosome and methylation of its CpG islands (Wolf et al., 1984; Yen et al., 
1984; Keith et al., 1986; Lock et al., 1987). Phosphoglycerate kinase (PGK) and 
a-globin genes have CpG islands and are normally nonmethylated in animal cells, 
but when methylated adopt an altered chromatin structure (Boyes and Bird, 1991). 
However, the CpG island associated with PGK is methylated on the inactive X 
chromosome (Hansen et al., 1988) and that of a-globin gene is found methylated 
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in permanent cell lines (Antequera et al., 1990). In their methylated form these 
genes were shown to become resistant to the methyl insensitive restriction 
endonuclease MspI, implying that methylated sites in the nuclei are made 
inaccessible by association with nuclear proteins. It is possible that the protein 
MeCP1 or a similar protein responsible for both the inaccessibility and inactivity 
of the CpG methylated gene (Boyes and Bird, 1991). 
DNA methylation may also be involved in parental imprinting (Li et al., 
1993). In several instances genes inserted into transgenic mice show differential 
activity depending on whether they are subsequently inherited from the father or 
the mother. Since this pattern is faithfully inherited in every cell of the offspring, 
it is essentially the methylation state imprinted in the parent that transmits the 
information determining the activity state of the gene in somatic cells of the 
offspring (Cedar, 1988). 
1.6.2. CpG islands 
In vertebrate genomes the dinucleotide CpG is present at only 25% of the 
frequency expected on the basis of the G+C content and 80% of the genomic CpG 
sites are methylated (Bird, 1986). Moreover, the position of the unmethylated 
CpG residues is not random, but rather they are found in clusters known as CpG 
islands or HTF (HpaII tiny fragments) islands. In an HTF island the G+C content 
is over 50% and the CpG and GpC dinucleotides occur with almost equal 
frequency. CpG islands are short (1-2 kb), rich in unmethylated CpG residues, and 
are found at the 5' end of genes often including the first few exons as well as the 
upstream sequences (Bird, 1986). The restriction endonucleases HpaII and MspI, 
both recognise the sequence CCGG but differ in their sensitivities to methylation. 
MspI can cleave the sequence irrespective of CpG methylation but HpaII is 
sensitive to methylation. The average spacing of this site in CpG island is about 
100 bp compared with about 2000 bp in bulk DNA (Cooper et al., 1983). MspI 
cuts naked DNA about four times more frequently than HpaII and behaves as a 
methyl CpG insensitive enzyme when naked DNA is the substrate, but when 
nuclear chromatin is the substrate it becomes indistinguishable from a methyl 
CpG sensitive enzyme. In the nuclei methylated CpGs are rendered resistant to 
cleavage by binding to macromolecules that block access to nucleases (Antequera 
et al., 1989). 
Regarding the evolutionary aspect of CpG islands, one of the hypotheses 
is that genes of invertebrates were entirely in a nonmethylated state. During 
evolution, with the appearance of vertebrates DNA methylation spread through the 
genome, excluding the promoters, which would be suppressed by dense 
methylation. Cytosine residue of CpG dinucleotide is methylated at the 5th carbon 
position and then deamidated to form TpG. If the cell's DNA repair systems do 
not recognise this change immediately then the thymidine (T) survives in place of 
cytosine (C) and is entitled to be in DNA. Thus, loss of CpG dinucleotides by 
mutation and retention of CpG dinucleotides in the nonmethylated regions gave 
rise to CpG islands. With time, many genes succumbed to methylation and loss of 
CpG islands without losing their capacity for expression. These are exclusively 
tissue specific genes since all known house keeping genes are associated with 
CpG island (Antequera and Bird, 1993). 
The CpG dinucleotide is the target for mammalian methyl transferase that 
methylates the cytosine residue at the carbon 5 position. Several models are 
proposed for the protection of CpG islands from methylation. The simplest of 
which is that CpG islands are a poor substrate for the methyltransferase. This idea 
is supported by the finding of Carotti et al. (1989). They showed that CpG rich 
sequences are methylated relatively inefficiently in vitro, suggesting that the high 
density of CpG dinucleotides in islands or their G+C richness inhibits the 
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methyltransferase. But this model does not explain why CpG islands are 
methylated on the inactive X, at imprinted genes and also at nonessential genes in 
cultured cell lines (Antequera et al., 1990; Jones et al., 1990). A second model 
proposes that CpG islands are subject to de novo methylation but the modification 
is removed by an island specific demethylating activity (Frank et al., 1991). This 
model is based on the finding that partially methylated CpG islands loose 
methylation when introduced into fertilized mouse eggs or embryonic cells and 
demethylation may only occur when relatively few CpG sites within the transgene 
are methylated but not when all CpGs are methylated (Szyf et al., 1990; Frank et 
al., 1991; Choi and Chae, 1993). 
A third model proposes that steric hindrance by protein factors is 
responsible for excluding the methyltransferase from CpG islands (Bird, 1986). 
Because CpG islands colocalize with gene promoters, transcription factors may be 
required for island protection. This idea is supported by in vivo footprinting 
studies of protein DNA interactions within the CpG islands of the human PGK-1 
gene (Pfeifer et al., 1990; Pfeifer and Riggs, 1991) and the HTF9 locus (Stapleton 
et al., 1993). Multiple factors are bound over both of these CpG islands. In 
contrast, the methylated PGK- 1 island of the inactive X chromosome has 
nucleosome like structures replacing transcription factors (Pfeifer and Riggs, 
1991). This model suggests that protein factors are bound across the island and 
could block the methyltransferase by steric hindrance. Indirect support for this 
model is also inferred from transgenic experiments showing that the CpG islands 
of the transgene can become methylated at high copy number, suggesting that 
there is a limited supply of factors that are capable of protecting the island 
(Mehtali et al., 1990; Gundersen etal., 1991). A limitation of this model is that it 
does not explain how inactive genes can nevertheless retain CpG islands that are 
methylation free as in the case of the human cc-globin and retinol binding protein 
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genes. Both these genes are expressed in only one tissue but have nonmethylated 
islands in all cell types that have been examined (Bird et al., 1987; Antequera et 
al., 1990). 
Antequera and Bird (1993) suggested that the approximate number of CpG 
islands per haploid genome is 45,000 in human and 37,000 in mouse. They 
estimated a total of 80,000 genes in both the organisms and showed that 55.9% 
and 46.9% of all the genes are associated with CpG islands in human and mouse 
respectively. The proportion of CpG island associated genes is lower in the mouse 
genome than in the human genome. This may be due to, de novo methylation of 
the CpG islands in the mouse germ line leading to progressive CpG loss, which 
occurred some time after the divergence of the mouse and human lineages in 
evolution. Based on extensive analysis of DNA sequences, Larsen et al. (1992) 
reported that all the human house keeping genes and 40% of tissue specific genes 
are associated with CpG islands. Antequera and Bird (1993) also reported an 
estimate of 22,000 house keeping genes and 58,000 tissue specific genes per 
human haploid genome. This implies that only half of all CpG islands in the 
genome are associated with house keeping genes and the other half with tissue 
specific genes. 
Tissue specific genes are usually part of the silent majority of the genome 
and methylation acts as a mechanism for controlling these genes. The methyl 
groups may generate a local chromatin configuration that renders the gene 
inaccessible, and thus transcriptionally inactive. This would provide a general 
mechanism for transcriptional repression which may operate independent of the 
requirement for interactions between cis-acting regulatory elements and tissue 
specific factors (reviewed by Bird, 1986). Activation of tissue specific genes from 
their generalised state of repression may first involve recognition of the genes 
while they are still methylated and this event initiates the process of transcription 
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and concomitant demethylation (Benvenisty et al., 1985). In their demethylated 
state these genes would be stably maintained in an active structure that is 
generally accessible to the transcriptional machinery of the cell. 
Yisraeli and Szyf (1984) reported that methylation restriction mapping of 
many tissue specific genes revealed that the undermethylation observed in active 
genes almost always involves all parts of the gene including both the promoter 
and structural gene regions and suggest that methylation may play a regulatory 
role over the entire gene domain. Studies on the human -globin gene showed that 
CpG sequences are under represented (Konkel et al., 1979) and are relatively 
distributed in the flanking sequences. Despite the relatively low number of CpG 
residues in the gene domain, Yisraeli et al. (1988) demonstrated that total in vitro 
methylation of these sites was sufficient to inhibit transcription by a factor of 
about 20. This repression was observed when methylation occurred in regulatory 
sequences in the 5' flanking region, the sequences covering the gene body and 3' 
flanking region and also during localised methylation of any of these regions. But 
the insertion of a fully methylated 50 bp repeat of CpG had no effect on the 
activity of the gene suggesting that methylation on the natural CpG residues 
within the gene sequences cannot be mimicked by the addition of irrelevant 
methylated moities. 
Deletion and site specific mutation analysis of the 3-g1obin gene from 
several mammalian sources showed that only 90 nucleotides in the 5' region are 
necessary and sufficient for full transcriptional activity (Myers et al., 1986), while 
studies of Yisraeli et al. (1988) suggested that in addition to this positive 
regulatory region there are sequence domains in the gene which have a negative 
regulatory role and the transcriptional repression is mediated through the 
interaction of proteins with various cis-acting well defined negative regulatory 
elements that are influenced by DNA methylation. 
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All house keeping genes reported so far are associated with CpG islands, 
but not all islands are associated with house keeping genes (Antequera and Bird, 
1993). Keshet et al. (1985) reported that the APRT (adenosine phosphoribosyl 
transferase) gene is repressed by methylation at the 5' region, but not at the 3' 
region. A similar effect was reported in methylation studies of the human y-globin 
gene (Busslinger et al., 1983) and the adeno virus Ela gene (Kruczek and Doerfier, 
1983), while the viral tk (thymidine kinase) gene activity was strongly repressed 
by DNA methylation in both 5' promoter region and the 3' structural region of the 
gene (Keshet et al., 1985). There is a very high concentration of CpG residues 
over the entire gene both in the promoter and structural region. In contrast, in the 
APRT and human 'y-globin genes there is a relatively high density of CpG moities 
at the 5' end but very low density at the 3' end. It may be possible that the degree 
of transcriptional inhibition is dependant upon the amount of methylation and 
density of CpG residues in the region (Keshet et.al ., 1985). Yisraeli and Szyf 
(1984) pointed out that the pattern of 5' CpG under methylation and 3' methylation 
is typical in all house keeping genes. 
Embryonic stem (ES) cells in culture are capable of de novo methylating 
and demethylating exogenously introduced DNA sequences. It is also reported 
that the ES cells can specifically recognise and demethylate island DNA that has 
been methylated in vitro before transfection (Frank et al., 1991). Brandeis et al. 
(1994) suggested that the bimodal somatic methylation pattern is probably 
established through the combined action of general de novo methylation working 
together with stage specific factors which either protect island DNA or actively 
demethylate these sequences. In vitro methylation studies on hamster APRT gene 
suggested that island demethylation is directed by discrete cis-acting elements and 
not merely by the high density of CpG residues in these regions (Brandeis et al., 
1994). 
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Sp 1 elements are frequently found up stream of house keeping genes 
(Gardiner-Garden and Frommer, 1987) and could represent a potential candidate 
for a demethylation signal (Holler et al., 1988). Mutation and deletion studies on 
the Spi consensus sequence of APRT gene in ES cells and in transgenic embryos 
also suggested that this element may provide a signal needed to direct 
demethylation of the methylated DNA or protect CpG islands from de novo 
methylation (Brandeis et al., 1994). Macleod et al. (1994) reported that three GC 
boxes, probably the attachment sites for Spi elements are located at the 5' edge of 
the CpG island of the mouse APRT gene. They showed in transgenic mouse assay 
that mutation or deletion of the GC boxes cause de novo methylation of the CpG 
island region. Mummaneni et al. (1993) also proposed that the boundries of CpG 
islands have sequences that block the spread of methylation from nearby 
methylation centres. 
The relationship between transcription and lack of CpG island 
methylation, however, remains to be completely resolved. Many genes with CpG 
islands, such as the human a-globin gene, are highly specific in expression yet are 
nonmethylated in expressing and nonexpressing tissues (Bird et al., 1987). A 
possible explanation is that such genes are poised for transcription but do not, for 
some reason, make stable mRNA (Macleod et al., 1994). 
1.7. Research project 
1.7.1. Justification 
The aim of the present project is to physically map the murine casein 
locus. The map generated will contribute to the understanding of 1) the 
relationship between genome organization and gene expression and 2) the 
evolution of multigene families. The map is also a pre-requisite for direct genetic 
manipulation of the locus. Thus, the results of this study could not only contribute 
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to basic studies on genome structure and function but also in the longer term 
underpin applications in biotechnology and agriculture/industry. 
The use of the mammary gland as a bioreactor could revolutionise 
biotechnology. Pharmaceutically and biologically important proteins could be 
produced by mammary directed expression of homologous or heterologous genes 
in transgenic animals. Mammary specific expression of a heterologous gene can 
be achieved by developing fusion genes in which regulatory sequences from milk 
protein genes are fused to sequences encoding the protein of interest. A number of 
transgenic studies have been carried out in our laboratory using the native sheep 
-lactog1obu1in gene (Simons et al., 1987; Whitelaw et al., 1991; Whitelaw et al., 
1992; Wilde et al., 1992) and hybrid genes derived by fusing the promoter region 
of the sheep 3-lactoglobulin to genes, encoding potentially therapeutic proteins 
such as human clotting factor IX and human al-anti trypsin (Clark et al., 1989; 
Archibald et al., 1990). 
Currently, many human proteins are produced by recombinant micro-
organisms (Primrose, 1987; Sarmeintos et al.1989). However, many human 
proteins cannot be produced correctly in bacteria or yeast as the microorganisms 
are incapable of completing the necessary post translational modifications. Other 
means of producing such proteins include tissue culture of insect cells transfected 
by baculovirus (Miller, 1988) or mammalian cells (Cartwright, 1987) and 
transgenic farm animals. The production of therapeutic proteins like human 
clotting factors, in the milk of farm animals has several advantages over 
preparations from human blood, including the absence of human pathogens. 
However, the presence of other infectious agents may not be ruled out. Ultimately, 
transgenic animals may be a cheaper source of recombinant proteins than 
mammalian cells maintained in tissue culture. Milk has the advantage over blood 
that it is very easy to collect and is available in large volumes. Moreover, milk is 
58 
relatively isolated from the animal and the presence of large quantities of 
biologically active molecules is less likely to have any side effects on the producer 
animal. 
Transgenic technology could also be used to alter the composition of milk 
as a food product. For example, the protein content of milk could be changed by 
introducing extra copies of existing genes, by using regulatory sequences from a 
milk protein gene that is expressed at a higher level, by transferring milk protein 
genes from another species or by transferring modified genes. 
Other changes in the nature of milk could have beneficial effects on 
downstream processing. For example, the stability of casein micelles is important 
in the processing of milk. Micelles are formed by interactions between calcium 
phosphate and casein molecules stabilized by a coating of r,-casein. Increasing the 
amount of ic-casein in milk would be expected to reduce micelle size, enhance the 
thermal stability of milk and so reduce the danger of coagulation in the sterilized 
product. More -casein in milk reduces the time for rennet coagulation, increases 
the rate of whey expulsion and increases the firmness of the resulting curd 
(reviewed by Jimenez-Flores and Richardson, 1988). Changes to caseins will also 
affect the properties of the cheese formed. Deletion of phosphate groups will 
yield a softer and moist cheese but extra phosphate groups will yield a firmer 
cheese. Increasing the number of proteolytic sites results in rapid maturation of 
cheese, and may have a considerable economic advantage (reviewed by Jimenez-
Florez and Richardson, 1988). 
The production of human milk proteins, especially lactoferrin, in the milk 
of farm animals might make cows milk a better substitute for human milk 
(Mercier, 1986). The synthesis of antibacterial proteins, such as lysozyme (Maga 
et al., 1994; Maga and Murray, 1995) in the milk may reduce the incidence of 
mastitis in farm animals, which causes great financial loss to the farmers and 
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distress to the animals. Thus, this project seeks to underpin future genetic 
manipulation of milk with potential benefits for the agricultural and biotechnology 
industries and eventually their customers. 
1.7.2. Objectives 
Objectives of the present study are to- 
Construct a physical map (restriction enzyme map and contig map) 
covering the region of the murine chromosome 5 containing the a, j3 and y  casein 
loci of mouse casein locus. 
Map the K-casein locus in mice 
Confirm the existence of murine -casein locus and map it in mice 
By comparative mapping analysis of the murine casein loci, examine 
the evolution of the various casein genes (both the calcium sensitive casein gene 
family and the K-casein gene) 
Examine the expression levels of the casein genes during pregnancy and 
lactation 
Identify genetic variation at the casein loci amongst different mouse 
strains. 
1.7.3. Experimental approach 
Physical mapping of the casein locus could be carried out by a) restriction 
enzyme analysis and b) building up a contig map which covers the entire murine 
casein locus. 
The primary factors needed for constructing a long range restriction map 
are high molecular weight (HMW) DNA, rare cutting enzymes (CpG island 
cutting, inter island cutting and enzymes with large recognition sequences, which 
can generate large DNA fragments) and a pulsed-field gel apparatus, enabling the 
separation of restriction digested DNA. 
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In order to construct a contig map, suitable large fragment genomic clones 
are required. The candidate vector systems for such clones are yeast artificial 
chromosomes (YAC5), bacteriophage P1 and bacterial artificial chromosomes 
(BACs). 
Even though YAC vectors can incorporate fragments up to 10 Mb, several 
major problems are associated with YAC clones (reviewed by Monaco and Larin, 
1994). One is the high percentage (40-60%) of chimaeric clones, i.e. they contain 
two separate segments of non-contiguous DNA in the same YAC clone either due 
to co-ligation of DNA inserts in vitro prior to yeast transformation or due to 
recombination in vivo between two DNA molecules that were introduced into the 
same yeast cell. A second problem is that some clones are unstable and tend to 
delete internal regions from their inserts. A third major problem is the difficulty in 
separating the YAC clones from the yeast host chromosome background by 
simple methods. All these problems restrict the effective utilisation of YAC 
clones in genome mapping experiments. In particular, chimaerism and deletions 
raise problems in chromosome walking and gene-isolation experiments. 
The P1 vector can accommodate fragments up to 100 kb. Since one of my 
supervisors had a P1 library I decided to screen the library, even though it is a 
relatively small library (-40000 clones, 1 x genome coverage). When the genome 
coverage is low, the probability of finding the gene/sequence of interest is also 
reduced. Unfortunately, PCR screening of the P1 library did not identify any 
positive pool (the organization of P1 library is shown in chapter 2) for the various 
casein genes except for cc-casein gene. Further screening of the positive pool did 
not reveal the presence of any clone positive for the a-casein gene. 
So I switched over to a commercially available BAC library (Research 
Genetics, USA) containing 221184 clones (7.37 x genome coverage). The BACs 
can accommodate fragments up to 300 kb with an average size of 100 kb. The 
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BAC system for mapping and analysis of complex genomes has been developed 
by Shizuya et al. (1992). There are fewer reports on the BAC system, but results 
so far, suggest that this system offers high cloning efficiency, easy manipulation 
and stable maintenance of the cloned DNA (Shizuya et al., 1992; Woo et al., 
1994; Li Cai et al., 1995). 
The cloning capacity of the BAC vector lies between that of Pis and 
YACs. As the bovine casein locus is reported to be contained in a 200 kb DNA 
fragment and if the mouse casein locus is as compact as the bovine locus, it might 
be possible to isolate the entire locus in a single BAC. 
As a long term aim, the information obtained from the present mapping 
study and the clones isolated can be used to manipulate the casein locus in 
embryonic stem (ES) cells. Gene targetting is more effective if the targetting DNA 
is prepared from isogenic DNA. It is also advantageous to use isogenic DNA 
derived maps in targetting experiments. As most gene targeting experiments are 
carried out in ES cells isolated from 129 mice, it was quite appropriate to use the 
BAC library prepared from ES cells of 129 mice for the present study. 
To carry out the gene expression study, mammary RNA was prepared at 
different time points, virgin, pregnancy and lactation. The levels of expression of 
the casein genes were determined by Northern blot analysis. 
Data on the genetic variation of the caseins at the DNA level of various 
strains and species of mouse are limited. Therefore, restriction fragment length 
variant (RFLV) studies were carried out on the DNA prepared from eight inbred 
strains of Mus musculus and from Mus spretus. The RFLV analysis between the 
inbred strains will elucidate constant and possible polymorphic restriction enzyme 
cleavage sites, which will be useful in casein locus manipulation in ES cells. 
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Chapter 2 
MATERIALS AND METHODS 
2.1. Plasmid DNA manipulations 
cDNA and genomic DNA clones of various mouse casein genes were 
kindly provided by Dr. J.M Rosen (cDNA clones of a, y; Gupta et al., 1982), Dr. 
Satish Kumar (genomic DNA clone of 13;  obtained from Goodman and Rosen, 
1990) and Miss. Katrina Gordon (cDNA clone of K). Probes were generated from 
these clones using the restriction enzymes as shown in Table 2.1. Two probes 
were generated for 13-casein from a 6.6 kb genomic DNA clone, a HindIII/ScaI 
fragment (888 bp; from the 5' end) and a SalllSacI fragment (643 bp; from the 3' 
end) (Fig. 2.1). Also a probe from the 5' end of the 13-casein gene was prepared by 
PCR amplification using primers designed from the extreme 5' region of genomic 
DNA sequences available in the database (see Table 2.2). A cDNA probe for c-
casein was prepared by PCR amplification of a lactating mouse mammary cDNA 
library (kindly provided by Dr. C.J. Watson). The primers were designed from the 
cDNA sequences available in the data base (see Table 2.2). 
3'specific probes for all casein genes were prepared by PCR amplification 
of the genomic DNA using primers designed from the 3' untranslated region of the 
cDNAs/mRNAs except for P. The primers for 13—casein were designed from the 
sequence of intron 8. All primer sequences were designed using the programme, 
Primer version 0.5 (Whitehead Institute for Biomedical Research). The primer 
sequences designed for the different caseins and the expected PCR product sizes 
are shown in Table. 2.2 
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Cloning Cloning Size of Resistant 	Enzymes used to 
vector site Cloned antibiotic 	excise cloned 
fragment fragment 1 
pUC 19 PstI 1100 bp2 Ampicillin 	PstI 
(cDNA) 
pBR322(?) PstI 800 bp Tetracycline3 	PstI 
(cDNA) 
pGEM.BS 	EcoRI 6.6 kb 
	
Ampicillin 	HindIII/ScaI 





	pBR322 	PstI 	900 bp 	Tetracycline PstI 
(cDNA) 
K 	pBS.KS 	EcoRI 900 bp 	Ampicillin 	KpnI/BamHI 
(cDNA) 
1 The excised fragments were used as probes 
2 The 1100 bp cDNA clone was proved to be rat a-casein cDNA 
3 The second a-cDNA clone obtained from Jeffrey Rosen was murine specific, 
but the cloning vector was uncertain because the clone was found susceptable to 
tetracycline and resistant to ampicillin. 
The clones were a- pCMal 1 and - pCMyl9 (Gupta et al., 1982), - pB7 
(Goodman and Rosen, 1990) and K- pic-Cas (Gordon, pers. commun.). 
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exons 	1 	 2 	34 	56 	 7 
I 	 I 	 I 	 II 	II 	II 
E* S H ScBAS H 	Si SE 
888 bp 
Fig. 2.1. pB7 containing 6.6 kb 3-casein gene cloned in pGEM-Blue-Script. Thick 
lines shown below represent the positions of the DNA probes used in Southern 
and Northern blot analyses. Thick lines above represent the exons, 1 to 7. E* - 
EcoRI site from the vector. The restriction sites in the cloned DNA are S- Sad, H-
Hindlil, Sc- ScaI, B- BstEII, A- Asp700 1, Si- Sail, E- EcoRI. The sequence of 3-
casein gene including the region corresponding to this fragment is available in the 
EMBL database (X1599 1). 
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Table 2.2. PCR primers used to generate probes and for screening libraries. 
Casein cDNA/gene 	Primer 	 Primer sequences 	PCR product size (bp) 
(EMBL: accession number**) 
a. (M36780) 3'UT forward TGACTGGACCCTCCATFCTC 228 
3'UT reverse GCTCAGATGATGCAACTGGA 
13. (X15991) intron 8 forward TI'CTCGACCTATGGGTCAGG 205 
intron 8 reverse AATCAGTGATFCCCAACATFCC 
3'cDNA probe (f) CATCCAGCCTATTGCTCAACCC 415 
3' cDNA probe (r) ATG1TGTGGAGTGGCAGGGAAT* 
5' end forward TGCTTFTCTCCTGAGAATCTCC 325 
5' end reverse TGTACAA1TGACGGAGAAGGG 
y. (D10215) 3'UT forward TFGGTVI'CTFCGTGGTlTCC 244 
3'UT reverse GTCTFGGCGAGAGATA1ThFIGG 
E. (V00740) 3'UT forward TGGAAAATTCACATCTCCATITt 252 
3'UT reverse TGAAAAGAATGTGGTFCAGAGA* 
5'cDNA probe (f) GAGGATGGAGCAATACATCTCC* 373 
5' cDNA probe (r) GCTGGGGGTAGATGGGTAAT * 
K. (MiOl 14) 3' UT forward TCTGGAACCAAATVFCAACTFG 102 
TUT reverse AAGGGAAGACGAGAAAGATCTG 
S'cDNA probe (f) CTACAGGCCATCTTFGCCTGCT * 353 
5'cDNA probe (r) ATGCTGCAGTTGAGGACACTGG* 
* Primers used to amplify cDNA sequences from a lactating mouse cDNA library. 
** the EMBL accession number for mouse DNA sequence entry from which the primers were 
designed with primer version 0.5, Whitehead Institute for Biomedical Research. 
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21.1. Preparation of LB (Luria-Bertani) plates 
Sterile LB bottom agar (10 g Tryptone; 5 g Yeast extract; 5 g NaCl; 15 g 
Bacto agar per litre) was mixed ('-' 48°C) with required antibiotic (ampicillin - 25-
50 .tg/ml; tetracycline - 15 g/ml; chloramphenicol - 12.5 .tg/ml; kanamycin - 25-
50 .xg/ml), poured into sterile petri-dishes of appropriate sizes and left at room 
temperature for a few minutes to set. 
2.1.2. Bacterial transformation 
2.1.2.1. Calcium competent DH5a cells 
Bacterial transformation of plasmids was carried out using MAX 
efficiency DH5a competent cells (Gibco-BRL). The cells were thawed on wet ice, 
100 .xl aliquots transferred into the required number of microfuge tubes kept on 
ice. Plasmid containing the cloned DNA fragment (1 p1, 1-10 ng DNA) was added 
to each tube and mixed by moving the pipette through the cells while dispensing. 
A positive control was prepared by adding 5 j.tl (0.05 ng) of pUC 19 (Amp9 DNA 
to one of the tubes containing 100 p1 of cells in order to determine transformation 
efficiency. The cells were held on ice for 30 min and heat shocked for 45 s in a 
42°C water bath without shaking. The tubes were placed on ice again for 2 mm. 
An aliquot (0.9 ml) of SOC medium (2% Bacto tryptone; 0.5% Yeast extract; 10 
mM NaCl; 2.5 mM KC1; 10 MM  MgCl2 ; 10 MM  MgSO4; 20 mM glucose, pH 
7.0) at room temperature was added and the cells were incubated in a shaking 
incubator (Gallenkamp, 225 rpm) at 37°C for 1 hour. The transformation control 
containing plasmid DNA was diluted 1:100 with sterile SOC medium and plated 
out (100 .tl) on LB plates with 50 p.g/ml ampicillin (LB/amp). Aliquots (100 p1) 
of two dilutions (1:100 and 1:10) of the test samples were plated on LB plates 
containing the appropriate antibiotic and incubated at 37°C overnight. 
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2.1.2.2. Electroporation 
Electroporation was used to transform bacteria with fragments from BAC 
clones. The fragments were subcloned in the pBe1oBAC1 1 vector and 
electroporated into DH1OB electro-competent cells as follows: 
Electroporation competent cells were prepared by inoculating 1 litre of LB 
medium (10 g Tryptone; 5 g Yeast extract; 5 g NaCl; 2 g MgC12 , pH 7.0 per litre) 
with 10 ml of freshly prepared DH1OB starter culture (Gibco-BRL). The cells 
were grown at 37°C in a shaking incubator (225 rpm) to an 0D 600 of 0.5-0.8. The 
cells were chilled on ice for 20 min and centrifuged in a cold rotor (Sorvall 
F16/250) at 4000 rpm for 15 mm. The cells were then resuspended in a litre of 
pre-cooled 10% glycerol and centrifuged as above. The pelleted cells were washed 
twice in 500 ml and 20 ml respectively, with cold 10% glycerol and resuspended 
in 2.5 ml of the same solution. Aliquots of 60 p.l were stored at - 70°C. 
An aliquot of 60 p.1 containing electro-competent cells was thawed on ice 
and an aliquot of 1 p.1(5-10 ng) of the ligation mix was added. The cells were 
mixed by gentle tapping and kept on ice for 1 mm. The Cellject basic 
electroporation system (Flowgen) was set to 2500 V. The mixture was transferred 
to the bottom of a cold 2 mm electrode gap electroporation cuvette and a pulse of 
12500 V/cm applied for 5 milliseconds. The cells were immediately resuspended 
in 1 ml of SOC medium (room temperature). The cell suspension was transferred 
to a polypropylene tube and incubated at 37°C in a shaker (200 rpm) for 1 hr. 
Appropriate aliquots were plated out on LB plates containing chioramphenicol 
(12.5 p.g/ml). 
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2.1.3. Plasmid DNA preparation 
2.1.3.]. Mini plasmid preparation 
Small scale preparation of plasmid DNA was performed using the Wizard 
mini-preps DNA purification system (Promega). Single colonies were cultured 
overnight in 5 ml of LB medium. The culture (2-3 ml) was pelleted at 5000 rpm 
(Sorvall HB-4) for 10 min and the cells were resuspended in 200 .il of 
resuspension solution (50 mM Tris-HC1, pH 7.5; 10 mM EDTA; 100 p.g/ml 
RNAase A). The cells were lysed by the addition of 200 tl of cell lysis solution 
(0.2 M NaOH; 1% SDS) and mixed by inversion. Neutralisation solution (200 tl; 
1.32 M Potassium acetate, pH 4.8) was added to precipitate the proteins and 
chromosomal DNA. The tubes were mixed well by inversion and centrifuged at 
12000 rpm for 5 min in a table top centrifuge (Sorvall MC12V). The supernatant 
was transferred to a clean microfuge tube, mixed with 1 ml of Wizard mini preps 
DNA purification resin and poured into a 2 ml syringe fitted on a Wizard mini 
colunm. The solution was gently pushed through the column and the column was 
washed with 2 ml of column wash buffer (200 mM NaCl; 20 mM Tris-HC1, pH 
7.5; 5 mM EDTA; 55% ethanol) to remove all contaminants. The syringe was 
removed and fitted to the column on a 1.5 ml microfuge tube and centrifuged at 
12,000 rpm (Sorvall MC12V) for 20 s to dry the resin. The column was 
transferred to a fresh microfuge tube, added 50 j.il TE buffer (10 mM Tris-HC1; 1 
mM EDTA, pH 7.4) and kept for one mm. The plasmid DNA was eluted by 
centrifuging at 12,000 rpm (Sorvall MCI 2V) for 20 s and stored at -20°C. Cloned 
DNA of more than 10 kb was eluted using TE buffer warmed to 50°C prior to 
elution. 
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2.1.3.2. Maxi plasmid preparation 
Large scale' preparation of plasmid DNA was carried out using a Qiagen 
plasmid maxi kit. Qiagen plasmid purification protocols are based on a modified 
alkaline lysis procedure, followed by binding of plasmid DNA to Qiagen anion-
exchange resin under appropriate low salt and pH conditions. RNA, proteins, 
dyes, and low molecular weight impurities are removed by a medium salt wash. 
Plasmid DNA is eluted in a high salt buffer, concentrated and desalted by 
isopropanol precipitation. 
A glycerol stock (20%) of transformed bacteria for different clones were 
prepared and stored at ..700c.  An appropriate dilution (1 x 105 or 1 x 106)  of the 
glycerol stock was plated out on LB plates (+ appropriate antibiotic). A single 
colony was picked for preparing a starter cuture of 10 ml with the necessary 
antibiotic and incubated overnight at 37°C in a shaking incubator (225 rpm). LB 
medium/antibiotic (500 ml) was inoculated with 0.5 ml of starter culture and 
incubated overnight in a 37°C shaking incubator. The culture was centrifuged at 
5000 rpm (Sorvall F 16/250) for 15 min and the bacterial pellet resuspended in 10 
ml of the 'resuspension' buffer, P1(50 mM Tris-HC1, pH 8.0; 10 mM EDTA + 
100 pg/mi RNAase) with out any clumps. Lysis buffer, P2 (10 ml; 200 MM 
NaOH; 1% SDS) was added, mixed by inversion and incubated at room 
temperature for 5 mm. Added 10 ml of neutralisation buffer, P3 (3 M Potassium 
acetate, pH 5.5), mixed by inversion, incubated on ice for 20 min and centrifuged 
at 15000 rpm (Sorvall SS-34) for 30 mm. The supernatant was transferred to 
another tube and centrifuged again. The clear supernatant was then poured into a 
Qiagen tip-500, which had already been equilibrated with 10 ml of 'equilibration' 
buffer (750 mM NaCl; 50 mM MOPS, pH 7.0; 15% ethanol; 0.15% Triton X-
100). The column was washed twice with 30 ml of QC buffer (1.0 M NaCl; 50 
mM MOPS, pH 7.0; 15% ethanol). The plasmid DNA was eluted with 15 ml of 
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elution buffer, QF (1.25 M NaCl; 50 mM Tris-HCI, pH 8.5; 15% ethanol). To the 
eluted DNA, 0.7 volumes of room temperature isopropanol was added and 
centrifuged for 30 min at 15000 rpm (Sorvall SS-34). The supernatant was poured 
off carefully. The clear glassy pellet was washed with 70% ethanol, air dried and 
dissolved in 2 ml of sterile TE buffer (10 mM Tris-HC1; EDTA, 1 mM, pH 8.0). 
2.1.4. Caesium chloride gradient purification ofplasmid DNA 
Caesium chloride (CsC1; 4.75 g) and ethidium bromide solution (10 
mg/ml; 500 p1) were added to the plasmid DNA (2 ml) prepared using the Qiagen 
columns. The final volume was adjusted to 5.6 ml with TE buffer. The solution 
was transferred to a Beckman Quick-seal tube and centrifuged in an L8-M 
ultracentrifuge at 50,000 rpm (NVT 65.2 vertical rotor; Beckman) at 20°C for 16-
18 hrs. RNA and proteins were collected at the bottom of the tube. The closed 
circular DNA band seen just below the nicked DNA (open circular plasmid DNA) 
was recovered from the tube with a needle and syringe. The ethidium bromide was 
removed from the DNA solution by repeated extraction with TE saturated butan-
2-ol. The DNA was precipitated by adding 3 volumes of water and 2.5 volumes of 
cold ethanol. The solution was centrifuged at 12000 rpm (Hermle Z23 1 M) at 10°C 
and the pellet dissolved in 500 1A of TE. The DNA was again precipitated with 
1110th volume of 3 M sodium acetate (pH 5.0) and 2 volumes of ethanol and 
centrifuged. The supernatant was discarded and the pellet was washed with 70% 
ethanol and air dried. The air dried pellet was dissolved in 250 p1 of TE buffer and 
stored at -20°C. Optical density (O.D) of a suitable dilution was measured at 260 
nm in a spectrophotometer to estimate the DNA concentration (An optical density 
I at 260 run = 50 jig of DNA/mi. Thus, the concentration of DNA in .tg/ml = O.D 
x 50 x dilution factor). 
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Z1.5. DNA Sequencing 
2.1.5.1. Using T7 sequencing kit (Pharmacia) 
The T7 sequencing kit is based on Sanger's dideoxy sequencing technique 
of base-specific termination of enzyme catalyzed primer extension reactions. Four 
separate reactions are performed, all containing primer, template and the four 
deoxynucleotides, but each including a different chain-terminating 
dideoxynucleotide. In each reaction, a mixture of fragments are generated, each 
terminated with the particular dideoxynucleotide present in that reaction. Thus, the 
chain-terminated fragments in each reaction represent the occurrence of the 
corresponding deoxynucleotide in the sequence. When the products of the four 
reactions are electrophoresed side-by-side, the sequence in which nucleotides were 
added to the primer could be deduced from the sequence in which successively 
larger fragments occur in the four lanes. The positions of the separated fragments 
are detected by virtue of a label (radioactive or fluorescent) introduced either 
before or during the primer extension reactions. T7 DNA polymerase was the 
enzyme used for the primer extension reactions. The sequencing reactions can be 
performed using either the "Read Short" or "Read Long" conditions. Read Short 
conditions allow sequences to be read up to —500 nucleotides with either 32P or 
35 S. The Read Long conditions generate fragments covering the sequence up to 
1000 nucleotides or more. 
DNA sequencing was carried out in five different steps as detailed below. 
i. Denaturing the template DNA and annealing of primer. 
Double stranded DNA template was used for sequencing. An aliquot of 
(32 .tl, 1.5-2 tg) the DNA was denatured by the addition of 8 .tl of 2 M NaOH 
solution. The mixture was vortexed, centrifuged briefly and incubated at room 
temperature for 10 mm. The DNA was precipitated by the addition of 7 111 of 
sodium acetate (3 M, pH 4.8), 4 tl of distilled water and 120 p.1 of 100% ethanol 
and kept at -20°C for 1 hr. The denatured DNA was pelleted by centrifuging at 
12000 rpm (Hermie Z23 1 M) at 10°C for 15 mm. The pellet was washed with 70% 
ethanol, air dried and resuspended in 10 p.d of distilled water. To the dissolved 
DNA (10 p.!), aliquots of primer (2 p.!; 1-2 pmol) and annealing buffer (2 p.!; 1 M 
Tris-HCI, pH 7.6; 100 MM  MgC12; 160 mM Dithiothritol, DTT)) to give a total 
volume of 14 p.1. The mixture was vortexed gently, centrifuged briefly and 
incubated at 65°C for 5 mm. The tube containing the mixture was incubated at 
37°C for 10 min and at room temperature for 5 mm. The contents of the tube was 
collected to the bottom by brief centrifugation. 
Labelling reaction 
To the tube containing the annealed template and primer, added 3 p.l of 
labelling mix, (Mix-dATP; 1.375 p.M each dCTP, dGTP, dTTP and 333.5 mM 
NaCl), 1 p.! of [a-35 S]dATP and 2 p.1 of diluted T7 DNA polymerase (0.5 p.1 of 
enzyme + 2 p.1 of enzyme dilution buffer containing 20 mM Tris-HCI, pH 7.5; 5 
mM DTT; 100 p.g BSA/ ml and 5% glycerol). The contents were mixed gently, 
centrifuged briefly and incubated at room temperature for 5 mm. 
Termination reactions. 
Aliquots of short mix A, G, T and C (2.5 p.1 each) were incubated in four 
separate tubes at 37°C for at least 1 mm, while the labelling reaction was in 
progress. The labelled mix from step ii (4.5 p.1) was added into each of the four 
pre-warmed tubes containing the short mix. The contents were mixed by gentle 
pipetting and incubated at 37°C for 5 mm. Stop solution (5 p.1, 0.3% of 
bromophenol blue and xylene cyanol FF; 10 mM EDTA, pH 7.5 and 97.5% 
deionized formamide) was added, mixed gently and centrifuged. The mixture was 
denatured by heating at 80°C for 2 min and 2 p.1 from each (A, T, G, C) tube 
loaded into the wells of a sequencing gel. 
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iv. Electrophoresis. 
Two glass plates were thoroughly cleaned with soap and water, rinsed with 
distilled water and dried. The plates were ethanol cleaned, dried and the inner side 
of the small plate was siliconised by smearing with a few ml of Sigmacote 
(chlorinated organo polysiloxane in heptane, Sigma). The plates were assembled 
by inserting 0.2 mm wedge spacers between the long edges of the plates and held 
together with clamps. The two sides and bottom of the plates were taped together. 
100 ml of acrylamide gel (4.6%) was prepared by dissolving 42 g Urea, 15 ml 
30% acrylamide solution, 5 ml 2% bis-acrylamide solution, 10 ml 10 x TBE (1 x 
TBE contains 90 mM Tris; 90 mM Borate; 2 mM EDTA, pH 8.3); and 21 ml 
double distilled water. The solution was filtered through a 2 .tM cellulose acetate 
filter unit under vacuum and degased for 5 mm. To initiate gel formation, 600 tl 
of 10% ammonium per sulphate (APS) and 50 j21 of tetramethyl ethylene diamine 
(TEMED, International Biotechnologies, INC) were added and mixed by swirling. 
The solution was poured immediately into a 60 ml syringe while blocking its 
spout. The plunger was inserted, any air trapped inside ejected and the solution 
injected carefully and slowly between the plates avoiding air bubbles. After 
pouring the gel, the plates were laid in a horizontal position. The surface-former 
was inserted and kept in that position for 45-60 min to allow the gel to 
polymerise. 
The tape from the bottom of the plates was removed and the plates 
transferred to the vertical electrophoresis apparatus (Gibco-BRL) keeping the 
small plate facing inward. The plates were fixed by tightening the clamps on both 
sides and the buffer draining tap on the side of the apparatus was closed. The 
buffer (1 x TBE) was poured into the top and bottom buffer tanks. The surface-
former was removed carefully and the sample wells rinsed to remove any 
unpolymerised acrylamide. The shark's-tooth comb was inserted, so that the points 
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of the comb just touched the surface of the gel. The apparatus was connected to 
the power supply and pre-run at 40 W constant power for 45 mm. After the pre-
electrophoresis the sample wells were again rinsed with buffer. The samples 
(sequencing reactions, G, A, T, C) were denatured at 80°C for 2 min and 
immediately transferred to wet ice. The power supply was switched off and 2 .d 
from each tube was loaded into the wells. The power supply was restored and 
electrophoresis effected at 40 W constant power (-'2 hrs) until the bromophenol 
blue reached the bottom of the gel. The power supply was again cut off and a 
second loading of the samples was done in adjacent empty wells. The 
electrophoresis was continued until the bromophenol blue in the latter samples 
reached the bottom of the gel. 
v. Autoradiography 
The power supply was cut off and the buffer drained from the top tank. 
The gel-plate assembly was carefully removed and placed horizontally with the 
small plate uppermost. The small plate was separated, leaving the gel on the other 
plate. The DNA on the gel was fixed by placing the gel/plate in a tray containing 
-3 litres of a mixture of 10% acetic acid/ l 0% methanol in distilled water for -30 
mm. The gel/plate was removed from the solution and a Whatman Number-i filter 
paper cut to the size of the gel was placed on the gel. The small plate was placed 
on top of the filterpaper and the plates with the gel turned upside down, so that the 
large plate was on top. The large plate was then separated carefully, so that the gel 
was transferred to the filter paper. The gel was covered with a plastic wrap and 
dried using a vacuum gel dryer for -45 mm. After drying the gel, the plastic wrap 
was separated and the gel with its filter paper support was exposed to X-ray film 
overnight at room temperature. The film was developed in an automatic film 
developer (X-ograph Compact x 2). 
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2.1.5.2. Using Taq DyeDeoxy Terminator cycle sequencing kit 
(Applied Biosystems) 
A Taq DyeDeoxy Terminator cycle sequencing kit was used for the 
preparation of samples for sequence analysis on the Applied Biosystems Model 
373A automated DNA sequencing system. The major benefits of this cycle 
sequencing system are 1) no alkaline denaturation is required for double stranded 
DNA 2) the same protocol is used for single stranded (ss) DNA, double stranded 
(ds) DNA and PCR products 3) less template is required 4) less enzyme is used 
and 5) longer lengths of DNA can be read. Moreover, all four termination 
reactions are performed in a single tube, thereby reducing the tube handling and 
pipetting steps by a factor of four. The sequence data are captured semi-
automatically in an electronic format removing the tedious process of manual 
reading of autorads and manual data entry. 
All the important reagents were supplied for performing fluorescence-
based dideoxy sequencing reactions on ss or ds DNA templates or on PCR 
fragments. The performance of the kit relies on four ABI dye-labelled 
dideoxynucleotides, G, A, T, C DyeDeoxy Terminators. When these replace 
standard dideoxynucleotides in enzymatic sequencing, in the presence of 
thermally stable AmpliTaq DNA Polymerase, a dye label is incorporated into the 
DNA along with the terminating base. 
In the present study, this system was used to sequence PCR products, 
mainly the PCR products generated from the BAC (Bacterial artificial 
chromosome) end fragments. 
The template DNA was prepared by PCR amplification of the desired 
fragment as detailed in section 2.6 except that the reactions were carried out in a 
total volume of 100 p1. The amplified products were electrophoresed on a 1% 
metaphor agarose gel (Flowgen) in 0.6 x TBE buffer. The amplified fragments 
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were cut out from the gel with sterile scalpel blades and melted at 85°C for 10 
mm. 10 p.1 (10-20 ng) of the melted agarose-DNA mix was used as a template for 
cycle sequencing. 
Cycle sequencing 
The cycle sequencing reactions were carried out in a Perkin-Elmer Gene 
Amp-9600 thermal cycler. A single reaction mix contained 4 .il of 5 x TACS 
buffer (terminator ammonium cycle sequencing; 5 x TACS buffer contains 400 
mM Tris-HC1, 10 MM  MgCl2, 100 mM (NH4)2SO4 , pH 9.0), 1 p.1 of dNTP mix 
(7.5 j.tM dITP, 1.5 p.M of each, dATP, dCTP, dTTP), 1 p.1 of each, A, G, T, C 
DyeDeoxy Terminator, 0.5 p.1(4 units) Ampli Taq DNA polymerase, 0.5 p.1(10 
pmol) of primer and 10 p.1(10-20 ng) template DNA in a total volume of 20 p.1. 
The reactions were initiated by melting the agarose in the reaction mix at 80°C for 
s min followed by rapid thermal ramp to 96°C for 15 s, followed by 500C, 1 s and 
60°C, 4 min for a total of 25 cycles. At the finish of the reactions the temperature 
was brought to 4°C. 
Purification of extension products 
The cycle sequenced products were purified by phenol-chloroform 
extraction as follows: 80 p.1 of deionized water and 100 p.1 of phenol : water 
chloroform (68: 18: 14) reagent were added to the reaction mixture. The mixture 
was vortexed, centrifuged and the lower organic phase discarded. The aqueous 
layer was re-extracted with a second aliquot (100 p.1) of phenol : water 
chloroform. The mixture was vortexed, centrifuged for 1 min and the upper 
aqueous layer transferred to a clean tube. The extension products were precipitated 
by adding 15 p.1 sodium acetate (2 M, pH 4.5), and 300 p.1100% ethanol. The 
pellet obtained after centrifugation (15 min at room temperature) was washed with 
70% ethanol and air dried. 
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Preparation of samples for loading 
The loading samples were prepared as follows: 5 !.tl deionized formamide 
and 1 p1 EDTA (50 mM, pH 8.0) were mixed and 4 p.l from this mixture was 
added to the ethanol precipitated pellet. The pellet was dissolved by vigorously 
mixing and briefly centrifuged to collect all the liquid at the bottom of the tube. 
The mixture was denatured for 2 min at 90 0C and loaded into the well of an 
Applied Biosystems 373A DNA sequencing gel. 
Acrylamide gel preparation 
An acrylamide gel (6%) was prepared by dissolving 30 g urea, 9 ml 40% 
acrylamide stock solution, 22 ml distilled water and 1 g mixed bed resin. The 
solution was filtered through a 0.2 p.M cellulose acetate filter unit under vacuum 
and degased for 5 mm. Added 6 ml of 10 x TBE buffer and the final volume made 
up to 60 ml. Polymerisation of the gel was initiated by the addition of 300 p.l of 
freshly prepared 10% APS and 27 p.! TEMED. The solution was gently swirled to 
mix and immediately poured between the plates without trapping air bubbles. The 
plates were laid horizontally and a surface-former was inserted and kept in that 
position for about 2-3 hrs to allow the gel to polymerise. The clamps and tapes 
from the edges of the plates were removed. The outside of the plates were washed 
and dried with a clean towel. The gel/plate assembly was placed in the 
electrophoresis chamber of the 373A DNA sequencer, the surface former removed 
and replaced with a shark tooth comb just touching the surface of the gel. The gel 
was electrophoresed in 1 x TBE buffer for 12 hrs as detailed in 373A DNA 
sequencing system (Applied Biosystems). 
2.1.6. Purification of DNA from agarose gel 
The fragment of choice from a restriction digested clone or a PCR product 
was purified from agarose by agarase digestion as follows: 
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The digested DNAs/PCR amplified products were electrophoresed in 1% 
low melting point agarose gels (Gibco-BRL), 1-2 volts/cm for 2-12 hrs. The DNA 
bands were carefully cut out from the agarose gel using sterile scalpel blades and 
digested with -agarase (New England Biolabs), 1 unit/200 i1 of agarose. The 
DNA was concentrated by adding 1110th  volume of sodium acetate (3 M, pH 4.5), 
2 volumes of 100% ethanol and kept at -20°C for 1 hr. The resulting pellet after 
centrifugation (15 mm, 10°C, 12,000 rpm (Hermle Z231M) was washed with 70% 
ethanol and resuspended in appropriate volume of TE buffer pH 7.4. 
2.1.7. Polymerase chain rection (PCR) 
Polymerase chain reaction was used to generate the murine casein probes, 
probes to identify the BAC (Bacterial artificial chromosome) end fragments and to 
screen mouse genomic DNA libraries in bacteriophage Pi/BAC. Target DNA 
sequences were amplified with the help of murine primers designed from the 
DNA sequences of a, 0, y, c and K casein cDNAlgenomic clones available in the 
data base (refer to Table 2.2). The enzyme used was Taq DNA polymerase 
(Gibco-BRL). A single reaction mixture contained 50-100 ng template DNA, 100 
J.LM of each dNTP, 20 pmoles of each primer, 20 mM Tris-HC1, pH 8.4, 50 mM 
KC1, 0.75 MM  MgC12, 0.025% detergent and lunit of Taq DNA polymerase in a 
total volume of 20 pl. Amplification reactions were carried out in Perkin-Elmer 
Gene Amp-9600 thermal cycler. The reactions were initiated by denaturing at 
95°C for 5 mm, followed by 30 cycles of reactions; 94°C, 30 s for denaturation; 
55°C, 30 s for annealing; and 72°C, 30 s for primer extension. In the last cycle, 
the primer extension step was performed for an additional 10 mm. At the 
completion of the reactions, 5 p.1 of gel loading buffer (30% ficoll; 0.01% orange 
G and 10 mM EDTA) was added to each reaction mix and electrophoresed on 
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2.5% metaphor agarose gel (Flowgen) in 0.5 x TBE. The PCR conditions for the 
BAC end fragment amplification are detailed in section 2.6. 
2.2. RNA Analysis 
2.2.1. Total RNA isolation 
Total RNA from mouse mammary and liver tissues were prepared using 
RNAzo1 (Biogenesis, Ltd). RNA extraction is based on the disruptive and 
protective properties of guanidinium thiocyanate. Guanidinium thiocyanate 
ensures the rapid inactivation of endogenous RNase activity and the complete 
dissociation of cellular components from the RNA. In the RNA isolation process, 
sterile DEPC (Diethyl pyro carbonate; 0.1%) treated tips were used. 
To analyse casein gene expression, mouse mammary tissues were 
dissected out at various time points, virgin, pregnancy (5, 7, 9, 11, 13 and 16th 
day) and lactation (1st and 14th day p.p) periods. The tissues were homogenised 
in 2 ml (per 100 mg tissue) pf RNAzol solution. Added 100 p.l chloroform to each 
ml of the homogenised tissue and mixed by inversion. The tubes were placed on 
wet ice (15 mm) and centrifuged at 12000 rpm (Hermle Z23 1 M) for 15 min at 
10°C. The supernatant was carefully transferred to microfuge tubes avoiding 
contamination with the interphase. An equal volume (-.600 p.1) of isopropanol was 
added, mixed and kept at 4°C overnight. The RNA was pelletted by centrifuging 
at 12000 rpm (Hermle Z23 1 M) for 15 min at 10°C and the pellet was washed with 
70% ethanol (prepared in 0.1% DEPC treated water). The pellet was air dried and 
resuspended in 250 p.1 of 1 mM EDTA (prepared in 0.1% DEPC treated water). 
The optical density of a suitable dilution was .measured at 260 nm and the 
concentration was calculated using the formula, optical density 1 at 260 nm = 40 
j.ig RNA. Thus, the concentration of RNA = O.D x 40 x dilution factor. 
77 
2.2.2. Isolation of Poly (A) RNA 
A Quickprep mRNA purification kit (Pharmacia) was used to isolate 
mRNA from total RNA using oligo (dT) cellulose columns. Guanidinium 
thiocyanate present in the RNA extraction buffer completely inhibits RNase 
activity and allows efficient hydrogen bonding between poly (A) tracts on mRNA 
molecules and oligo (dT) which is attached to cellulose columns. The mRNAs 
bound to the columns were eluted using the elution buffer. 
The matrix of the oligo (dT)-cellulose spun column was resuspended and 
centrifuged at 350 x g for 2 min after removing the top and bottom closures. The 
bottom closure was replaced and 4ml of the total RNA mix (total RNA 
resuspended in 4 ml of elution buffer, 10 mM Tris-HC1, pH 7.5; 1 mM EDTA) 
added to the surface of the resin of the oligo (dl) column. The column was closed 
with the top lid, the resin resuspended by gentle mixing (10 mm) and centrifuged 
(350 x g, 2 mm). The supernatant was discarded and the matrix was resuspended 
in 3 ml of high salt buffer (10 mM Tris-HC1, pH 7.5; 1 mM EDTA; ; 0.5 M NaCl) 
and centrifuged (350 x g, 2 mm). The supernatant was discarded and washing with 
the high salt buffer repeated two more times. The matrix was then mixed with 3 
ml of low salt buffer (10 mM Tris-HC1, pH 7.5; 1 mM EDTA; 0.1 M NaCl), 
centrifuged and the supernatant was discarded. A final wash was given by adding 
3 ml of low salt buffer on top of the resin. The bottom closure was removed and 
the column centrifuged. The poly (A) RNAs attached to the cellulose matrix were 
eluted by washing with the 0.75 ml of elution buffer (three times with 0.25 ml 
each). 
2.2.3. Synthesis of eDNA 
The polyA RNA (mRNA), isolated as described above was used for the 
cDNA synthesis. First strand cDNA was synthesised from 1-2 p.g mRNA template 
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using the Superscript preamplification system (Gibco BRL). Added 1 gl (0.5 jig) 
oligo (dT) primer to the mRNA in a microfuge tube and the volume made up to 12 
l with DEPC treated water. The contents were mixed and incubated for 10 mm at 
70°C and 1 min on ice. To the RNA/primer mixture added 7 jti of a reaction 
mixture (2 jil of 10 x PCR buffer (10 x = 200 mM Tris-HC1, pH 8.4; 500 MM 
KCI), 2 p1 of 25 MM  MgCl2 , 1 p1 of 10 m dNTP mix and 2 p1 of 0.1 M DTT), 
mixed gently and incubated at 42°C for 5 mm. Superscript II reverse transcriptase 
(1 p1, 200 units) was added to the tube, mixed and incubated for 50 min at 42°C. 
The reaction was terminated by keeping at 70°C for 15 mm, chilled on ice and the 
reaction mix collected at the bottom of the tube by brief centrifugation. RNase H 
(1 tl) was added to the mix and further incubated at 37°C for 20 min to digest the 
RNA. The first strand cDNA synthesised by this method was used for radioactive 
labelling (random priming). 
2.2.4. Electrophoresis of RNA 
RNA was electrophoresed in a denaturing formaldehyde-agarose system. 
10 .tg (3-10 .t1) RNA was mixed with 25 tl formamide, 5 .tl 10 x MOPS (10 x 
MOPS = 0.2 M 3-[N-Morpholino]propane-sulphonic acid; 0.5 M Na acetate pH 
7.0; 0.01 M Na2EDTA) and 8 .t1 formaldehyde (37% v/v) in a total volume of 50 
tl and incubated at 65°C for 10 mm. The mixture was chilled on ice for 20 s and 5 
p1 of loading dye (0.01% bromophenol blue in 50% (v/v) glycerol) added. The 
RNA was electrophoresed on a 1% agarose gel containing 1 x MOPS and 6.29% 
formaldehyde (formaldehyde solution; 37% v/v was added to 50°C cooled 
agarose-MOPS mixture, mixed and poured immediately). Electrophoresis was 
carried out for 16 hrs at 1-2 V/cm. After electrophoresis the gel was stained with 
ethidium bromide (0.5 tg/ml; 30 mm), destained in distilled water (30 mm) and 
photographed. 
2.2.5. Northern blotting 
Northern blotting refers to the transfer of RNA from agarose gels to nylon 
or nitrocellulose membrane. A capillary blot was set up by filling a tray with 
blotting buffer, 20 x SSC (3 M NaCl; 0.3 M Sodium citrate) and preparing a 
platform by placing a glass plate over the tray. The plate was covered with a wick 
made from two sheets of Whatman 3 mm filter paper, saturated with the blotting 
buffer. The gel was placed upside down on the wick. The air bubbles trapped 
beneath the gel were rolled out with a pipette. The gel was surrounded with 
parafllm to prevent the blotting buffer being absorbed directly in to the paper 
towels above. A positively charged nylon membrane (Boehringer-Mannheim) cut 
to the size of the gel, wetted with blotting buffer was placed carefully on top of 
the gel. The bubbles trapped below the membrane were rolled out and three sheets 
of Whatman 3 mm paper (cut to the size of the gel) placed on the membrane, after 
wetting in the blotting buffer. A stack of absorbent paper-towels (approximately 5 
cm high) and a 0.75-1 kg weight were placed on top. The RNA was transferred for 
-46 hrs. When the blotting process was complete, the apparatus was carefully 
dismantled and the positions of the wells marked on the membrane for 
identification of tracks. The RNA was fixed onto the membrane by 
autocrosslinking in a Stratalinker- 1800 (Stratagene), keeping RNA side towards 
the UV source. The membrane was wrapped in saran wrap and stored at room 
temperature for use later. 
2.3. DNA Analysis 
2.3.1. Preparation of high molecular weight (HMW) genomic DNA. 
DNA from the 129 strain of mice (Mus musculus) was used for long range 
mapping of the casein locus. For restriction fragment length variants (RFLVs) 
studies DNA was prepared from Mus spretus and seven more strains of Mus 
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musculus, C57/BL6, NIH, OH, SJL, BALBIc, CBA and DBA. The high 
molecular weight genomic DNA was prepared from liver tissue (phenol-
chloroform extraction) and spleen cells (DNA embedded in agarose plugs). 
2.3. 1.1. Phenol-chloroform extraction 
Freshly dissected liver was washed with SSCT pH 7.0 (0.15 M NaCl; 
0.015 M Na3 citrate; 10 mM Tris-HCI, pH 7.4), minced and transferred to a pre-
cooled glass dounce. The tissue was homogenised in 6 ml of pre-cooled 
RSBE/NP40 (10 mM Tris; 10 mM NaCl; 2 mM EDTA, pH 7.4; 0.5% Nonidet 
P40; pH 7.0) containing 1 mM PMSF (phenyl methyl sulfonyl fluoride). The 
homogenised tissue was transferred into a 30 ml corex tube and centrifuged at 
4500 rpm (Sorvall SS-34) for 5 min at 4°C. The cell pellet was resuspended in 6 
ml of RSBE/NP40 and washed twice. To the washed pellet 2 ml of RSBE was 
added and the pellet resuspended by vortexing, adding 2 ml of SNET (0.6 M 
NaCl; 10 mM EDTA; 20 mM Tris, pH 7.4; 1% SDS) while vortexing. The 
enzyme, proteinase-K was added to a final concentration of 200 j.tg/ml and 
digested at 37°C for 2 hrs (or overnight at room temperature). The digested tissue 
was mixed with an equal volume of phenol and centrifuged at 4000 rpm (Sorvall 
SS-34) at 4°C. The aqueous phase (top phase) was transferred to a fresh tube, 
mixed with equal volume of 1:1 phenol : chloroformlisoamyl alcohol (24 1 
chloroform : isoamyl alcohol) and centrifuged. The aqueous phase was transferred 
again to a fresh tube and mixed with an equal volume of isopropanol. The 
precipitated DNA was hooked out with a sterile loop and washed with 70% 
alcohol. Air dried DNA was dissolved in 2 ml of TE buffer and stored at 4°C. The 
DNA concentration was estimated by measuring the absorbance of a suitable 
dilution at 260 nm in a spectrophotometer. 
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2.3. 1.2. Embedding DNA in agarose plugs 
A CHEF mammalian genomic DNA plug kit (Bio-Rad.) was used to 
prepare intact DNA in agarose plugs. Fresh spleen tissue was homogenised in 
normal saline and the cells were pelletted by centrifuging at 5000 rpm (Sorvall 
SS-34) for 10 min at 4°C. The cells were resuspended in 5 ml of normal saline and 
the total number of cells were calculated using a haemocytometer. The cells were 
washed twice in normal saline, resuspended in 3.78 ml of cell resuspension 
solution (10 mM Tris, pH 7.2; 20 mM NaCl; 50 mM EDTA) and equilibrated to 
50°C for 15 mm. To the cells, 2.22 ml Clean cut agarose (2%, 50°C) (Bio-Rad) 
or Incert agarose (Flowgen), was added to give a final cell count of 1-2.5 x io 
cells! ml. This resulted in a final concentration of 0.75% agarose. The cell 
suspension was mixed well, avoiding any clumps. The cell-agarose mixture was 
kept at 50°C and aliquots (-400 tl each) were pipetted into sterile agarose plug 
moulds. Solidification of the agarose was effected by placing the moulds at 4°C 
for 15 mm. The plugs were pushed into proteinase-K reaction buffer (100 MM 
EDTA, pH 8.0; 0.2% sodium deoxycholate; 1% sodium lauryl sarcosine; 1 mg/ ml 
proteinase-K; 5 ml for each ml of agarose plugs) and incubated for two days at 
50°C without agitation. The plugs were then washed with 50 ml of 1 x plug wash 
buffer (20 mM Tris, pH 8.0; 50 mM EDTA) for 1 hr at room temperature with 
gentle agitation. The washing was repeated four times. During the third wash, 1 
mM PMSF was added to inactivate residual proteinase-K. The plugs were stored 
in 0.5 M EDTA at 4°C. 
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2.3.2. Isolation of large genomic clones from murine genomic DNA 
libraries 
2.3.2.1. Screening bacteriophage P1 and BA  libraries 
A mouse P1 library containing —40,000 clones (1 x genome coverage) was 
kindly provided by Dr. Linda Mullins, University of Edinburgh. The library was 
arranged in 9 secondary pools and each secondary pool consisted of 10 primary 
pools. About 400 clones were present in each primary pool. 
The mouse BAC library was supplied by Research Genetics, Inc, USA, 
consisting of 221184 clones, organized in 72 superpools, having a genome 
coverage of 7.37. Each super pool represents arrayed colonies pooled from eight 
384 well plates. Each plate pool was made by pooling the 384 colonies from a 
single plate. The superpools and plate pools were supplied as purified DNA 
preparations. Specific plates were requested from Research Genetics after 
preliminary screening of the superpools and platepools. A PCR based technique 
(detailed in 2.1.7) was followed to screen the DNA pools. 
The organizations of the P1 and BAC libraries are shown in Fig. 2.2. The 
P1 and BAC vectors are shown in Fig. 2.3 and 2.4 respectively. 
2.3.2.2. Colony transfer and hybridisation 
i. Bacteriophage P1 library 
Once a positive pool was isolated from the P1 library, the pool was plated 
out on a LB, kanamycin (25 jtglml), Sucrose (5%) plate (--1500 to 2000 colonies). 
A colony lift and hybridisation technique was used to isolate the positive clones as 
detailed below: 
1. Gridded hybond-N nylon membranes (Amersham) were placed on 
LBfkanamycinlsucrose plates, smeared with 50 p.1 of 0.1 M IPTG and kept for 20 
to 30 mm. 
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The colonies were carefully lifted in duplicate, from the master plate, 
using the IPTG treated filter membranes. The filter membranes were placed back 
on the same agar plates (mentioned in 1), colony side up and incubated for 6 to 7 
hours at 37°C. 
When the colonies were of a pin head size, each filter was processed by 
placing the filter on Whatman 3 mm filter paper saturated with the following 
solutions and for the specified time, keeping the colony side up. 
0.5 N NaOH + 1.5 M NaCl, 4mm; 
1 M Tris-HCI, pH 7.4 + 1.5M NaCl, 4mm (twice) 
The filters were rinsed in 2 x SSC and UN cross linked in UV 
Stratalinker-1 800 (Stratagene). The membranes were finally washed with a 
solution containing 0.1% SDS and 2 x SSC. All cell debris were removed 
manually with a sponge. 
ii. BAC library 
Before starting any manipulations in the mouse BAC library plates, a 
replica of each plate was prepared. The colonies were transferred, to a fresh plate 
containing 60 il of medium (LB + chloramphenicol, 12.5 .tg/ml ± 10% glycerol), 
using a 384 well replica plating device (Genetix). The plate was incubated at 37°C 
(stationary phase) for 48 hrs, sealed with plastic seal and stored at -70°C. 
Each plate was screened by a colony transfer and hybridisation technique. 
The colonies were transferred, in duplicate, on to positively charged nylon 
membranes (Hybond-N, Amersham) already placed on LB/chloramphenicol 
plates using the 384 well replica plating device. The plates were incubated at 37°C 
overnight. The nylon membranes were then treated as follows: 
1) The membranes were placed, colony side up, on 3 mm Whatman filter 
paper saturated in 0.5 N NaOH + 1.5 M NaC1 for 4 min at room temperature 
followed by 4 min at 85°C on a steaming water bath 
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The membranes were transferred to a 3mm Whatman filter paper 
saturated in 1 M Tris-HC1, pH 7.4 + 1.5 M NaCl for 4 min at room temperature. 
The membranes were washed with 2 x SSC, pH 7.0 and all cell debris 
removed mannually with a sponge 
e) The membranes were dried on 3 mm Whatman filter paper and 
autocrosslinked (UV Stratalinker- 1800, Stratagene). 
2.3.2.3. P1 DNA preparation 
P1 DNA was prepared using a Qiagen maxi plasmid purification system as 
described in 2.1.3 with the following modifications. LBfKanamycin medium (500 
ml) was inoculated with the pre-culture (2.5 ml) and incubated for 1 hr at 37°C in 
a shaking incubator. After one hour, IPTG (5 00 p.! of 0.1 M solution) was added to 
the culture which was incubated for a further period of-5 hrs. Pre-warmed (50°C) 
elution buffer was used to elute the P1 DNA, from the Qiagen column in the final 
stages of the purification procedure. 
2.3.2.4. BAG DNA preparation 
A pre-culture was prepared by inoculating 5 ml of LB/chloramphenicol 
(12.5 p.g/ml) medium with a single colony (incubated for 8 hrs). 
LB/chloramphenicol medium (500 ml) was inoculated with 2 ml of pre-culture 
and incubated over night. The cells were pelleted and the Qiagen protocol for the 
plasmid DNA isolation was followed (section 2.1.3) with slight modifications. 
The bacterial pellet obtained from 250 ml of culture was resuspended in 10 ml 
buffer P1 and the volumes of buffers P2 and P3 were also increased 
correspondingly. Moreover, the elution buffer was warmed to 50°C prior to 
elution of the plasmid DNA. The pelleted DNA was dissolved in 400 p.! of TE 
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buffer and further purified by phenol-chloroform extraction and ethanol 
precipitation. The purified pellet was dissolved in 250 p.1 of TE buffer. 
2.3.3. Restriction digestion 
The restriction enzymes used in the present study were purchased either 
from New England Biolabs (NEB) or Boebringer Mannheim unless mentioned 
otherwise. The restriction digestions were carried out according to the 
manufacturer's instructions except that a 3-5 fold enzyme excess was added for 
each digestion. Whenever double digestions were performed, the DNA was first 
digested with one of the enzymes and the second digestion was carried out after 
ethanol precipitation of the DNA. In cases where all the digestion conditions (e.g. 
buffer, temperature) for both the enzymes were the same, the double digestions 
were carried out simultaneously. After digestion, the reactions were stopped by 
placing the tubes at 650C for 10 min and then 5 p.1 of gel loading buffer (30% 
Ficoll 400; 0.1% SDS; 40 mM Na 2 EDTA, pH 8.0; 0.12% bromophenol blue) was 
added for every 25 p.d of reaction mix. 
2.3.3.1. Plasmid DNA (for preparation of casein probes) 
For the preparation of murine casein probes, the plasmid DNAs were 
digested with the restriction enzyme of choice (a-cDNA and y-cDNA - PstI, -5' 
probe - Hindlil/Scal, 3-3' probe - Sail/Sac!, K-cDNA - KpnI/BamHI). After 
digestion, the cloned fragments of interest were verified by electrophoresing 1 p.1 
(100 - 500 ng DNA) of the digested DNA on a agarose (0.8-1%; Gibco BRL) mini 
gel. 
2.3.3.2. Genomic DNA 
Restriction enzymes with recognition sequences present in CpG island and 
inter-island region and enzymes with large recognition sequences were selected to 
generate large fragments. The fragments thus generated were analysed by pulsed-
field gel electrophoresis. The enzymes AscI and NotI are eight base cutters with 
100% G+C recognition sequences and two CpGs, while BssHhI, EagI and SacII 
are six base cutter enzymes with two CpGs and 100% G+C recognition sequences. 
Moreover, the sites for BssHII and EagI are internal to the sites of AscI and NotI 
respectively. Narl and Smal have 100% G+C recognition sequence and one CpG 
in their site. Enzymes with 66.7% G+C in their recognition sequence and two 
CpUs (MluI, PvuI, NruI) and one CpG X7zoI, Sail) were also selected. Other 
enzymes like ClaI (33.3% G+C, one CpG), BamHI (66.7% G+C, no CpG), Sf11 
(large recognition sequence), EcoRV, ApaI, DraI, Bgll were also used. 
Restriction fragment length variant (RFLV) studies were carried out on 
genomic DNA prepared from the two different species and eight different strains 
of mice. The enzymes used were Sf11, BamHI, EcoRI, Hindill and XbaI. 
For each restriction digestion 10 p.g of genomic DNA was used. The 
reaction mixture was incubated at appropriate temperature for about 5 to 6 hours. 
The reaction was stopped by placing the tubes at 65°C for 10 mm. Gel loading 
buffer, 5 j1 was added for every 25 p.1 of reaction mixture. 
Very high molecular weight DNA, prepared by embedding the DNA in 
agarose plugs, was digested as follows: The DNA in agarose plugs was washed 
thrice, an hour each time, in TE buffer (pH 7.4) with a mild rocking movement 
and equilibrated in the appropriate 1 x restriction buffer for at least an hour. The 
plugs were cut with sterile scalpel blade and 5 p.g DNA was used in each 
digestion. Added 5-8 units of enzyme/p.g of DNA and 5p.g bovine serum albumin 
(BSA) to 1 x restriction buffer in a total volume of 200 p.1. The digestion was 
carried out for --16 hrs (overnight). The reaction was stopped by washing the 
plugs with 1 x plug wash buffer for 30 min and equilibrated in 0.5 x TBE. The 
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plugs were then loaded into the wells of 1% Pulsed-field certified agarose (Bio-
Rad) prepared in 0.5 x TBE and the wells were sealed with the same agarose. 
Double digestions were also carried out in DNA plugs. After the first 
digestion, the plugs were washed extensively in TE buffer and equilibrated in the 
second restriction buffer for 1 hr prior to the addition of the second enzyme 
cocktail. 
2.3.3.3. P11BAC clones 
Bacteriophage P1 clones and BAC clones were digested with a few 
selected enzymes, NotI, Sail, Sf!, EcoRI, Hindu!, PstI, BgllI, EcoRV, BamHI, 
Sac!, XbaI, ApaI and NotI, Sal!, Smal, Sf!, XhoI, PvuI and BamHI respectively. 
The cloned DNA (3-5 pi, -200 ng) was digested with 10-20 units enzyme 
in presence of 2 mM spermidine, in a total volume of 50 .tl of appropriate 1 x 
reaction buffer. The reaction mix was incubated at the relevant temperature for 5-6 
hrs. The reactions were stopped as detailed earlier. 
2.3.4. Electrophoresis 
2.3.4.1. conventional agarose gel electrophoresis. 
Conventional horizontal gel electrophoresis was carried out to separate 
fragments up to 20 kb. Agarose gel (0.8 - 1%, Gibco-BRL) was prepared in 1 x 
TAE buffer (40 mM Tris; 40 mM acetate; 1.0 mM EDTA, pH 8.0). Ethidium 
bromide (0.5 j.tg/ml) was added to the melted agarose and mixed well. The 
agarose was cooled to 5 00C, poured into the gel casting mould fitted with a 
suitable comb and left at room temperature to set. The combs were carefully 
removed and the gel/casting mould was placed in the electrophoresis tank 
containing 1 x TAE buffer. The samples were loaded into the wells along with 
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suitable size markers and electrophoresed for 8-16 hrs at low voltage (1-2 V/cm) 
according to the size of fragments to be separated. 
2.3.4.2. Pulsed-field gel electrophoresis 
Pulsed-field electrophoresis is a technique for resolving large DNA 
fragments up to 10 Mb. By alternating the electric field between spatially distinct 
pairs of electrodes, megabase sized DNAs are able to reorient and move at 
different speeds according to size through the pores in an agarose gel. 
Pulsed-field gel electrophoresis was carried out in a CHEF (Clamped 
homogenous electric fields) DR-Ill system (Bio-Rad). The CHEF-DR III system 
is based on two technologies, the clamped homogenous electric fields (CHEF) and 
programmable autonomously controlled electrodes (PACE). The CHEF provides 
highly uniform or homogeneous electric fields within the gel through an array of 
24 electrodes which are clamped or held to intermediate potentials to eliminate 
lane distortion. The electrodes sense changes in local buffer conductivity due to 
buffer breakdown, change in buffer type, gel thickness or temperature. Potentials 
are readjusted immediately to maintain uniform fields, thus providing high 
resolution during run and between runs. The voltage potential of each of the 24 
electrodes is regulated independently by PACE. Due to the hexagonal geometry of 
the electrode array, the system can generate reorientation field angles from 90 - 
1200 (detailed in the Instruction manual and applications guide of CHEF DR-Ill 
pulsed-field electrophoresis systems, Bio-Rad). 
The samples were electrophoresed on 1% pulsed-field certified agarose gel 
(Bio-Rad) in 0.5 x TBE for 18 hours, 6V/cm, 120 0 angle, at 14°C with initial and 
final switch intervals of 5 s and 40 s respectively. These conditions effectively 
separated fragments up to 550 kb. After electrophoresis, the gel was stained with 
ethidium bromide (0.5 jtglml, 30 mm) nicked by UV irradiation (total = 60 
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mioules of energy), destained for half an hour and photographed using very short 
exposure (<1 s). Small fragments (5-160 kb; P1/ BAC clones) were separated by 
changing the duration of electrophoresis (12.5-13 hrs) and switch intervals (0.2 s 
and 8.0 s respectively) while keeping all other parameters the same as above. 
2.3.5. Southern blotting 
Capillary blots were set up in the same way as detailed in Northern 
blotting except for the transfer buffer. An alkali buffer (1.5 M NaCl, 0.4 M 
NaOH) was used as the transfer buffer and also for denaturing the DNA in the gel 
(15 mm) prior to blotting. The gel was placed upside down to avoid trapping of air 
bubbles and for efficient transfer of the DNA. Capillary blotting was carried out 
for —36 hours using positively charged nylon membranes (Boehringer Mannheim). 
After blotting, the membranes were neutralised in 0.5 M Tris-HC1, pH 7.0 for 5 
mm, rinsed in 2 x SSC and baked at 80°C for an hour. 
2.4. Radioactive labelling of probes 
2.4.1. Using [a32P]dCTP 
Labelling with [a32P]dCTP was based on the use of random sequence 
hexanucleotides to prime DNA synthesis on denatured template DNA at numerous 
sites along its length (Feinberg and Vogeistein, 1983, 1984). The 'Kienow' 
fragment of DNA polymerase I was used for this reaction. The absence of the 5'-3' 
exonuclease activity associated with DNA polymerase I ensures that labelled 
nucleotides incorporated by the polymerase are not subsequently removed as 
monophosphates. The amount of newly synthesised DNA often exceeds the 
amount of input DNA. 
DNA labelling systems from Amersham (Multiprime DNA labelling 
system) and Boehringer Mannheim (High prime DNA labelling kit) were used to 
label the probes. In each labelling reaction -25 ng DNA probe was labelled using 
[a32P]dCTP. 
In the Multiprime DNA labelling system, the labelling reaction was 
performed in a total volume of 50 p1. DNA (25 ng in 33 il of distilled water) was 
denatured for 3 min in boiling water bath and immediately chilled on ice for 2 
mm. To the denatured DNA, added 5 jil multiprime buffer solution (dATP, dTTP, 
dGTP in a concentrated buffer solution of Tris-HC1, pH 7.8, Magnesium chloride 
and 2-Mercaptoethanol), 5 t1 primer solution (random hexanucleotides in an 
aqueous solution containing nuclease-free BSA), 2 pd enzyme solution (1 unit/p.l 
DNA polymerase I 'Kienow' fragment cloned in 50 mM Potassium phosphate, pH 
6.5, 10 mM 2-Mercaptoethanol and 50% Glycerol) and 5 p.! (50 p.Ci) 
[a32P]dCTP. The contents were mixed gently, centrifuged briefly and incubated 
at 37°C for 30 mm. The reaction was stopped and the DNA was denatured by 
adding 5 p.1(1/10th volume) 2 M NaOH. 
The assay conditions were slightly different in the High prime DNA 
labelling system. The reaction mix was prepared by adding 8 p.1 DNA (25 ng), 4 
p.1 high prime reaction mixture (containing random primer mixture, 1 unit/p.! 
Kienow polymerase, stabilized buffer in glycerol, 50% v/v), 3 p.l of dNTP mix 
(500 p.M of each dNTPs, dATP, dGTP, dTTP) and 5 p.! (50 p.Ci) [a32P]dCTP in a 
total volume of 20 p1. The reaction mix was incubated for only 10-15 mm. 
2.4.2. Using ['y32P]A TP 
Oligonucleotides were end labelled using [7 32P]ATP. The enzyme, 
polynucleotide kinase catalyses the transfer of the terminal phosphate group of 
ATP to the 5' hydroxylated terminus of DNA or RNA. The assay mixture was in a 
total volume 20 p.!, containing 2 p.1 reaction buffer (10 x buffer contains 500 mM 
Tris-HC1, 100 mM MgC12, 1 mM EDTA, 50 mM dithiothreitol, 1 mM 
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spermidine, pH 8.2), 1 tl (100 ng) oligonucleotide, 6 gI (60 .tCi) [y3 2P]ATP and 
1 gl (10 units) polynucleotide kinase (Boehringer Mannheim). The reaction mix 
was incubated at 37°C for 30 min and the reaction was stopped by chilling on ice. 
2.4.3. Measurement of incorporation and calculating the specific 
activity of labelled DNA 
From the reaction mixture, 1 p.! was spotted on the centre of a 25 mm 
GF/C Whatman glass microfibre filter paper and kept in a plastic scintillation vial 
for the determination of total input radioactivity. Another 1 p.1 of the reaction mix 
was placed in a microfuge tube, to which added 200 p.1 of 0.2 M EDTA, 50 p.! of 
carrier DNA solution and 2 ml of ice-cold 10% trichioracetic acid (TCA). 
Complete precipitation of the labelled DNA is ensured by the carrier DNA. The 
contents were mixed well and allowed to stand on ice for 10 mm. The precipitated 
DNA was collected on a Whatman GF/C-filter paper by vacuum filtration. The 
filter disc was washed with excess of 10% TCA. The filter paper containing the 
precipitated labelled DNA was placed in a plastic scintillation vial. Radioactivity 
of input and labelled nucleotides were measured in a 3-counter. Probes in which 
incorporation of 60% or more of the radioactivity was achieved were used for 
hybridisation. 
Specific activity of the labelled DNA was calculated using the formula 
[% of incorporation/total amount of DNA (ng)] x 103  dpm per p.g 
2.5. Hybridisation and Autoradiography 
Membranes (for either Southern or Northern blots) were pre-hybridised in 
20 ml of pre-hybridising solution containing 6 x SSPE (1.08 M NaCl; 60 mM 
sodium phosphate; 6 mM Na 2EDTA), 0.5%SDS, 5 x Denhardt's solution (bovine 
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serum albumin, ficoll and polyvinylpyrrolidone, each one at 0.1% (w/v)) and 100 
tg/ml of denatured salmon sperm DNA for at least one hour. 
The labelled probe was treated with mouse COT-1 DNA (Gibco-BRL) to 
suppress cross-hybridisation to mouse repetitive DNA during filter hybridisation 
(only for Southern blots). Mouse COT-1 DNA was prepared from CD1 mice by 
extracting, shearing, denaturing and annealing DNA under conditions that enrich 
for repetitive DNA sequences such as the B 1, B2 and Li families. 
The labelled probe (50 p.! or 20 p.1) was made up to 100 p.1 and passed 
through a Sephadex G-50 column (Sambrook et. al., 1989) to eliminate the 
unincorporated radioactive nucleotide. To the filtrate, added 5 p.1(100 p.g) mouse 
COT-i DNA, 50 p.1 20 x SSC, 25 p.! H20 and 20 pi l% SDS. The contents were 
mixed, briefly spun and placed in a boiling water bath for 5 min to denature the 
DNA and immediately transferred to 65°C and incubated for 20 mm. 
After pre-hybridisation, the solution was poured off and the membranes 
were hybridised in 20 ml of the hybridising solution (6 x SSPE, 0.5% SDS, and 
100jig/ml of denatured salmon sperm DNA) containing the labelled probe/COT-i 
DNA mix. The membranes were hybridised for 36-48 hrs at 65°C. After 
hybridisation, the membranes were washed twice in a solution containing 2 x SSC 
and 0.1% SDS at 65°C for 20 min each and a final wash was given in 0.1 x SSC 
and 0.1% SDS (65°C for 15 mm). The membranes were dried (just to remove the 
dripping solution) on 3mm filter paper and exposed against AGFA CURIX X-ray 
film with two Dupont Cronex Lightning Plus intensifying screens at -70 0C for 
one to two weeks and autoradiographed in an X-Ograph Compact x 2. 
A hybridisation temperature of 55°C was used for end labelled probes (i.e. 
oligonucleotide probes), keeping all other parameters the same as above. 
Southern blots of cloned DNA fragments were hybridised for 6 to 16 hrs 
and were exposed to X-ray film for very short periods (15 min to 3 hrs). 
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The membranes were stripped by placing them in boiling 0.1% SDS and 
allowed to cool to room temperature. The membranes were reprobed after 
stripping and exposing to film. 
2.6. BAC end fragment isolation 
Right and left ends of insert DNA were isolated following the method 
described by Woo et.al . (1994) to facilitate chromosome walking. A schematic 
representation of BAC end isolation is shown in Fig. 2.5. 
In the BAC library supplied by Research Genetics, the Hindlil restriction 
site was used as the cloning site. The generation of right and left end fragments of 
the BAC clones was based on the presence of unique/single restriction enzyme 
sites on either side of the cloning vector. Both right and left end fragments can be 
isolated by a technique called plasmid rescue. For the right end fragment isolation, 
the unique restriction site of the selected enzyme should lie near the left end of the 
cloning site (e.g. BamHI, SphI and Sad; see Fig. 2.4 and 2.5) and can have one or 
more sites in the cloned fragment. Digesting with such an enzyme will cut and 
remove the insert DNA including the left end fragment, leaving the right end 
fragment intact with the vector DNA. Since the vector is intact except for a small 
portion near the left side of the cloning site, the resulting vector + end fragment 
can be self ligated. The subclones generated in this way can be electroporated into 
DH1OB cells. Selection for the uptake of DNA molecules consisting of vector 
sequences plus the right end fragment is effected by growing the bacteria on 
LB/chloramphenicol plates. The size of the fragment can be assessed by a double 
digestion with the selected enzyme and Hindlil. 
The left end fragment can also be isolated in a similar way. In this case, 
the unique enzyme site should be present near the right end of the cloning site. In 
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Fig.2.5 Schematic diagram of the generation of left and right end specific 
probes from BACs with IPCR (left end) and plasmid rescue (right end) 
and the restriction enzyme BanLl-H. BAd, 2,4 and M13 forward are 
oligonucleotide primers specific to pBe1oBAC1 1. (modified from Woo et 
al., 1994) 
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right end of the cloning site. The difficulty with this enzyme is that there is some 
redundancy in the Sf1 recognition site (GGCCN/NNNNGGCC). Thus it is 
necessary to fill in the recessed Y end, to enable a blunt ligation. 
The subcloned end fragments (size < 5 kb) can be PCR amplified with 
suitably designed primers from the vector sequences, depending on the restriction 
enzyme selected. A large sized subcloned fragment can be sequenced using the 
promoter sequences (left end - T7; right end - SP6). Primers can be designed from 
such sequenced fragments and subsequent PCR amplification can generate probes 
for the respective ends. 
Inverse polymerase chain reaction (IPCR) can also be used to isolate the 
end fragments. Unlike the plasmid rescue, to carry out IPCR the selected enzyme 
must have a site near to the cloning site of the end fragment of choice. The size of 
the end fragment + the vector sequences must be less than 5 kb for effective IPCR. 
The resulting fragments, following restriction digestion (for left end fragment, e.g. 
BamHI, SacI, Smal, Sal!, SphI; for right end fragment, e.g. Sail, Smal) contain the 
vector + the end fragment and can be self ligated. These self ligated circular 
fragments can be amplified with the oppositely oriented neighbouring primers 
(designed from the vector sequences alone) by IPCR. The IPCR is easier, less 
time consuming and does not require any subcloning procedure. 
2.6.1. Plasmid rescue 
Right end fragments of the cloned DNA were generated by digesting the 
BAC clones with enzymes such as, Sad, BamHI, SphI and Not! for -6 hours at 
37°C (since the sites of Not! and Sail flank the cloning site digesting clones with 
these enzymes release the vector from the insert, so also does Hindu!). The 
digested DNAs were loaded side by side on a 1% agarose gel in 0.5 x TBE and 
electrophoresed (2 V/cm) for 12 to 15 hrs. The gel was Southern blotted onto 
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positively charged nylon membrane (Boebringer Mannhiem) and hybridised with 
32p labelled pBe1oBAC1 1 DNA for 12 to 15 hrs as detailed in section 2.5. The 
hybridisation patterns were compared relative to the Notl control and the digestion 
that produced vector + end fragment slightly larger (1-5kb) than the Nod control 
was then self ligated as follows. 
The digested DNA was ethanol precipitated (-50ng) and ligated using 40 
units of T4 DNA ligase (New England Biolabs) in a total volume of 20 tl at 16°C 
for 12-15 hrs. The ligated DNA (l.tl) was electroporated into DH10B electro-
competent cells and transformants were selected on LB/chloramphenicol plates. 
Mini preparations of plasmid DNA were made from -10 colonies and the right 
end fragment was verified by digesting with the selected enzyme and Hind!!! 
(cloning site). Probes were generated from plasmids containing the right ends by 
PCR amplification with M13 forward sequencing primer (5'-
GTAAAACGACGGCCAGT-3') and the reverse primer BAC4 (5'-
CACTATAGAATACTCAAGC-3'). The reactions were initiated by denaturing at 
94°C for 4 min followed by 94°C, 1 min 30 s - denaturation; 55°C, 2 mm - 
annealing and 72°C, 3 mm - primer extension, for 30 cycles. In the last cycle, 
primer extension step was done for an additional 7 mm. PCR amplified products 
were purified from the gel (1% LMP agarose Gibco-BRL) by digesting with - 
agarase. 
2.6.2. Inverse polymerase chain reaction (IPCR) 
To isolate the left ends of insert DNAs, BAC clones were digested with 
AvaI, BamH!, EcoRI, Kpn!, Sac! and Smal for 6 hrs at 37°C. DNA was ethanol 
precipitated and self ligated in a total volume of 20 tl as described in section 
2.6.1. The circularised DNA fragments were used as templates for IPCR. The 
ligated mixture (1 id) was used for an IPCR reaction in a total volume of 25 jtl 
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containing 20 mM Tris-HCL (pH 8.0), 50 mM KC1, 1.5 MM  MgC12, 0.2 .LM 
primers, 60 p.M dNTPs, 0.1mg/mi detergent and 1.25 units of Taq DNA 
polymerase. The primers were BAC1: 5' CTGCAGGCATGCAAGC; BAC2: 5' 
GTCGACTCTAGAGGATC 3'). The reactions were carried out in the same way 
as detailed in section 2.6.1 except for an annealing temperature of 600C.  Left ends 
of the insert DNAs were verified by digesting the IPCR products with HindIII and 
the enzyme used for creating the restriction fragments and loaded on a gel side by 
side with uncut IPCR products. The IPCR product was gel purified and used as 
probes. 
Left end fragment isolation was also carried out by piasmid rescue. The 
clones were digested with Sf11 and purified by ethanol precipitation. The cut ends 
were blunted by T4 DNA polymerase (0.5 units of enzyme, 4 111 of 5 x reaction 
buffer, 1 p.1 of 2 mM dNTPs in a total volume of 20 p.! and incubated at 37°C for 5 
mm) and the DNA was again purified by ethanol precipitation. The cut ends were 
blunt ligated in a reaction mix (20 p.!) containing 100 units of T4 DNA 
polymerase (16 hrs, 160C). The ligated DNA was electroporated as detailed in 
section 2.1.2.2. Plasmid DNAs were prepared and the subcloned fragments were 
sequenced (detailed in section 2.1.5.2) using T7/M13 promoter sequences. PCR 
primers were designed from the sequenced fragments and amplified products were 
used as probe. 
2.7. Long range PCR 
ExpandTM Long template PCR system (Boehringer Mannheim) was used 
to amplify fragments of larger size (-15 kb). The system is composed of a unique 
enzyme mix containing thermostable Taq and Pwo DNA polymerases, of which 
the latter enzyme has a proof reading capacity (3' exonuclease activity). Thus Pwo 
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polymerase can reduce the error frequency by a factor of 10 as compared to Taq 
DNA polymerase. 
The reaction mix was prepared by mixing two separate master mixes of 25 
l each. This circumvents the need of a hot start and ensures successful 
amplification. Master mix 1 composed of dNTPs, primers and distilled water and 
master mix 2 contained buffer, enzyme mix and distilled water. The reaction was 
carried out in a total volume of 50 p1, consisting of 300 nM of each primer, 350 
jtM of each dNTP, 5 tl of 10 x buffer 1 (17.5 MM  MgCl2 ; 500 mM Tris-HC1, pH 
9.2, 160 mM (NH4)2SO4), 0.75 p.l of enzyme mix and 100 ng (2 p.!) template 
DNA. PCR amplifications were carried out in a Perkin-Elmer Gene Amp-9600 
thermal cycler. The reaction was initiated by denaturing the template DNA for 2 
min at 92°C followed by 10 cycles of 92°C, 10 s denaturation, 55°C, 30 s 
annealing and 68°C, 8 min elongation. This was followed by 15 cycles of 92°C, 
10 s denaturation, 55°C, 30 s annealing and 68°C, 8 min elongation plus cycle 
elongation of 20 s for each cycle (i.e. cycle 11 has an elongation time of 8 min 20 
s, 12 has 8 min 40 s and so on) and a final elongation time of 7 min at 68°C. 
When the reaction was completed an aliquot (3-5 p.!) was mixed with 5 p.1 of gel 
loading buffer and electrophoresed on 1% agarose gel in 1 x TAE buffer. 
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Chapter 3 
Murine casein locus - Isolation and characterization of 
clones from large fragment murine genomic libraries. 
3.1 Introduction 
Mouse milk contains five types of caseins, a, 0, y, c and K for all of which 
cDNA clones have been isolated and sequenced. In other species such as cattle, 
sheep, goat and pigs only four types of caseins have been identified so far, aS 1, 
aS2, 3 and K (reviewed by Mercier and Vilotte, 1993). The sequences of the 
various casein cDNAs exhibit varying degrees of similarity between each other in 
the same species and between the putative homologous caseins of different species 
(shown in section 1- Tables 1.3 to 1.7). In bovines, it has been reported that the 
casein genes are arranged in a linear array on a 200 kb genomic DNA fragment 
(Ferretti et al., 1990; Threadgill and Womack, 1990). In mice, the casein loci (a, 
and y) have been assigned to chromosome 5 (Gupta et al., 1982). Even though two 
more casein mRNAs (F and K) have been identified from murine mammary gland 
(Hennighausen and Sippel, 1982a), so far there are no reports on the identification 
of the corresponding genes or their chromosomal locations. Moreover, the 
existence of the -casein gene remains controversial or at least unconfirmed. 
Therefore, the present study is focused on constructing a map of the 
murine casein locus by restriction analysis and by contig mapping. The map 
should allow 1) the identification of the genes for all known murine caseins 2) 
confirmation of the existence of c-casein gene 3) determination of the order and 
arrangement of the casein genes in the locus and 4) assignment of the c and K-
casein genes to specific mouse chromosomes. Large fragment murine genomic 
libraries are an essential resource for these studies and in particular for the 
construction of a contig map(s) around the casein genes. Since, one of my 
supervisors provided a bacteriophage P1 library, I decided to screen the library, 
even though the genome coverage was low (1.0). Unfortunately, the casein genes 
were not represented in this P1 library. Therefore, I switched to a commercially 
available bacterial artificial chromosome (BAC) library which has a genome 
coverage of 7.37. This chapter describes the isolation and characterization of large 
fragment murine genomic clones containing the casein genes. As an initial step, I 
validated the various casein probes obtained from different sources. 
3.2. Results 
3.2.1. Validation of murine casein probes. 
3.2.1.1. Northern blot analysis. 
Total RNA isolated from mid-lactating mouse mammary gland and liver 
(negative control) was electrophoresed on a formaldehyde gel with suitable RNA 
size markers (ranging from 0.2 kb to 7.5 kb). The RNA was Northern blotted to 
nylon membranes. Radioactive hybridisation of the Northern blot with the murine 
a, 3, y, c and K casein probes (listed in Table 2.1 in section 2, the -casein probe 
was prepared by PCR amplification, see Table 2.2) showed that each casein probe 
hybridised to mRNAs of different size. No cross hybridization was observed. 
None of the probes hybridised to the liver RNA. The sizes of the mRNAs 
hybridised to the various casein probes are shown in Table 3.1. 
3.2.1.2. Sequence analysis of the casein probes 
Sequence analyses were carried out on the murine probes prepared from 
cDNA and genomic DNA clones. Partial DNA sequences were determined for 
each casein probe by Sanger's dideoxy sequencing technique in order to confirm 
the identity of the genes/probes. About 250 base pairs of each probe were 
sequenced. As the probe sequences for cx, 13  and K (llOObp, 6.6 kb and 900bp 
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Table 3. 1. Murine casein mRNA sizes. 
Casein probes mRNA size 	Reported 
used 	observed 	mRNA size 
(kb) 	 (kb) 
a 	 1.45 	1 •45a, 16b 
P 	1.20 	115a, 1 •45b 
7 	1.00 	
0 •95a, 0 • 88b 
1: 	 0.89 	086b 
K 	 0.95 
Identified by Northern blot analysis. 
aGupta  et al., (1982). bHepjghausen et al.,(1982). 
CThompson  et al., (1985). 
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respectively) were cloned in the multiple cloning sites of pUC 19, pOEM Blue 
Script and pBS-KS vectors, I used the universal forward primer for the sequencing 
of these probes/clones. As the y-casein cDNA (900 bp) is cloned in pBR322 
sequencing was carried out with a primer designed from the cDNA sequences 
available in the data base (EMBL: D10215, 5'-GTGAGCATTTGGGAAGGTGT-
3'). The sequences obtained were compared with the mRNAIcDNA sequences 
available in the data base. Sequence comparisons revealed a complete identity 
with the published murine mRNA/cDNA sequences except for the a-casein probe. 
The sequences of the a-casein probe showed 100% identity to the rat a-casein 
cDNA sequences and 88% identity to the mouse a-casein cDNA. Southern blot 
analysis with this a-casein probe also gave some nonspecific hybridisation. 
Hence, the mouse a-casein cDNA clone (800 bp) was obtained afresh from Dr. 
Jeffrey Rosen. Even though the cloning site was PstI, there was some uncertainty 
about the identity of the vector in which the a-cDNA sequences were cloned. 
Therefore, a-specific primer sequences were also designed from the published 
cDNA sequences (Forward- 5'-TGACTGGACCCTCCATTCTC-3') for the 
confirmatory sequence analysis. Following sequence analysis 100% identity was 
observed with the published mouse cc-casein cDNA sequences. 
Epsilon-casein probes (specific for 5' and 3' regions) were generated by 
PCR amplification of a 7 day lactating mouse cDNA library using primers 
designed from the published cDNA sequences (see Table 2.2 in section 2). 3' 
specific probes were also generated for all other casein genes by PCR 
amplification of genomic DNA (see Table 2.2 in section 2). The probes generated 
from the validated clones and the PCR amplified (5' and 3' specific) fragments 
were used in all subsequent hybridisation experiments. 
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3.2.2. Analysis of the bacteriophage P1 library 
The bacteriophage P1 library was kindly provided by Dr. Linda Mullins, 
Centre for Genome Research, University of Edinburgh. The library contained 
-.40,000 clones and was organized as secondary and primary pools (refer to Fig. 
2.2 in section 2). 
3.2.2.1. P1 library screening 
Mini prep DNA from the secondary and primary pools were used for PCR 
based screening. Primers designed from the 3' untranslated region of a, y,  c and K 
casein cDNA sequences and intron 8 of -casein gene (see Table 2.2) were used to 
search the library by PCR for the corresponding gene sequences. The secondary 
pools were named alphabetically from 'a to j' and the primary pools were 
numbered from 1 to 10. Secondary pool 'b' and primary pool '9' appeared to be 
positive for the presence of a-casein sequences since both the pools yielded a 
PCR product of the correct size with the cc-casein primers (Fig. 3.1). 
After identifying the positive pool, the selected pool was plated out on a 
LB/kanamycin/sucrose plate (1500-2000 colonies). The positive clones were 
identified by a colony lift and hybridisation technique using the cc-casein cDNA 
probe. Two positive clones were identified (named as P1 CL-i and P1 CL-2). DNA 
was prepared from both the isolated clones. The presence of cc-casein sequences 
was further verified by PCR amplification of the purified clone DNA with the 
same primer pairs used for the library screening (Fig. 3.1). A double digestion 
carried out on P1 CL-2 with restriction enzymes Not! and Sall showed that the 
cloned insert had a size of-80 kb. 
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3.2.2.2. Restriction analysis of P1 clones. 
The P1 DNA prepared from P1 CL-i and P1 CL-2 were restriction digested 
with the enzymes EcoRJ, Hindill, PstI, BglII, EcoRV, BamHI, Not!, Sac!, PstI, 
XbaI and ApaI (Fig. 3.2). The digested DNA was Southern blotted and probed 
with the a-casein cDNA probe. The hybridisation signal was very faint and did 
not produce any detectable fragment on the film even after overnight exposure. 
Since the DNA prepared from the clones contains large number of copies of the 
same region, if the region contains the gene corresponding to the probe, it is 
expected to give a strong hybridisation signal which could be visualised after short 
exposures (few minutes or hours). However, faint hybridisation bands were only 
observed after prolonged exposure (for 7 days). This might be due to some limited 
sequence similarities between the probe and the DNA sequences of the clones. 
Thus, even though initially two P1 clones appeared to be positive for the 
a-casein gene, further analysis suggested that the product amplified in PCR was 
an artefact. Alternatively, clone instability and loss of the a-casein gene specific 
sequences may account for this inconsistency. 
3.2.3. Analysis of murine BAC library 
The BAC library was supplied by Research Genetics, Inc, USA, consisting 
of 221,184 clones, organized in 72 superpools, having a genome coverage of 7.37. 
Each super pool represents arrayed colonies pooled from eight 384 well plates. 
Each plate pool was made by pooling the 384 colonies from a single plate. The 
superpools and plate pools were supplied as purified DNA preparations. Once 
positive plate pool/pools were identified, the specific plates containing 384 clones 
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Fig. 3.2. 
Ethidium picture of restriction digested P1 clones, 
L P1CL-1, digested with 1-EcoRI, 2-Hindill, 3-PstI, 4-Bg1II, 5-EcoRV, 
6-BarnHI, 7-Nod, 8-Sad, 9-PstI, 
ii. P1CL-2, digested with 1-EcoRI, 2-Hindill, 3-PstI, 4-BglII, 5-EcoRV, 
6-BamHI, 7-Nod, 8-Sad, 9-PstI, 10-XbaI and 11 -ApaI. 
M - is the 2. HindIIJJEcoRI marker and U- is the uncut DNA 
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3.2.3. 1. BA  library screening 
The DNA from super pools and plate pools of mouse BAC library were 
screened by PCR amplification. The primers used were the same as described in 
section 3.2.2.1. The identified positive pools are shown in Table 3.2. A few plates 
which appeared to cover the entire locus with overlapping clones (shown in Table 
3.2) were selected for clone isolation by colony transfer and hybridisation 
technique. The frozen individual plates containing arrayed single colonies were 
obtained from Research Genetics, USA. The colonies were transferred from the 
plate into a second 384 well plate in which each well containing 60 tl of 
LB/chloramphenicol (to make a back up copy) and onto the nylon membrane 
placed on LB/chloramphenicol plates using a sterile 384 well replica plating 
device in duplicate. The colonies in plate and on membranes were grown 
overnight at 37°C. None of the replicas yielded all 384 colonies. Varying number 
of colonies were found missing in the replica made from each plate (missing 
clones range from 10-129 colonies). Repeated examination confirmed that it was 
not due to any defect in the transfer process, but due to the non viability of the 
bacteria in the microplate wells. 
Even though 129 clones were missing from plate 156, which appeared 
positive for r,-casein gene, I could identify a positive clone for r,-casein gene (156 
J3). While from the plate 346, which appeared positive for y and c-casein genes, 
—P20 clones were missing and none of the clones was found positive for either 'y or 
c gene. The difference in observation regarding plate 346 was discussed further 
with Research Genetics. After examining the master plate, I was informed that out 
of the 20 clones only 4 were found viable in the master plate too. The 4 viable 
clones were provided as bacterial stabs for further examination. But even after 
screening those 4 clones, no positive clone (for either y or E) could be identified 
from plate 346. Therefore, the PCR products amplified from the pooled DNA 
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Table 3.2. Positive pools identified from the BAC library. 
Super pool Casein genes present Plate pool Casein genes present 
No. 	 a y 	C 	K No. a y 	C 	K 
2 * 9 - 16 no positive 
6 	* * 41 - 48 no positive 
8 * 	* 57 - 64 no positive 
10 * * 73 - 80 no positive 
12 * 	* 89 - 96 no positive 
15 * 113-120 no positive 
20 * 153-160 156 
24 * 	* 185 - 192 185S 	185 
26 	* * 201-208 201s 201 
44 * 	* 345-352 346s 	346 
46 * 361 - 368 365s 365 
50 	* * 	* 	* 393-400 400 400 394s 	394 
51 * 401-408 402 
52 	* * 409-416 411 411 
53 * 417-424 418 
55 	* * 433-440 436 436 
56 * 	* 	* 441 - 448 447s 	no positive 
57 * * 449 - 456 no positive 
58 	* * 	* 457-464 461 461,459s  459 
60 * 473-480 477 
62 	* * 	* 489-496 490S 490 490 
68 * 537-544 540 
70 * 	* 	* 553 - 560 555s 	555 	555 
Pools were identified by PCR screening. Each super pool corresponds to 8 plate pools. * Represent the presence of right sized PCR products corresponding to each 
gene. S  represent the plates selected for clone isolation by colony transfer and hybridisation. Additionally plate 280 was also screened to identify clones containing 
fragments extending from the 5' region of a-casein gene. 
from plate 346 might be either due to the presence of y and c in the missing clones 
(i.e. if all clones were viable when the pool DNA was prepared) or due to the false 
priming from a region other than the intended priming sites. Examples of the lack 
of any positive plate pool from a positive super pool or lack of any positive clone 
from a positive plate was observed throughout the screening process (Table 3.2 
and 3.3). 
In total, nine clones were isolated from the BAC library after screening 
the individual plates containing arrayed clones (Table 3.3). More than one casein 
gene was found in several individual clones. Clones containing cx + ; P + 'I' and y 
+ 6, genes revealed the organization of the four genes as a- i- y- e. Two other 
clones consisting of three genes, a, P , y and y, 6, i< confirmed this organization 
and also allowed the K gene to be mapped in relation to the other casein genes. 
Thus, from the isolated clones I could deduce the organization of the genes in the 
locus as a—--y—C—K. 
3.2.3.2. Generation of end probes from BAC clones 
Clone 156 J3 (-P98 kb) contained only the K-casein gene and probing with 
an end fragment (see 3.2.3.2 below) revealed that the gene is situated at one end of 
the cloned insert. The clone was examined for the presence of other known casein 
genes and was found to be negative. Comparing this clone with clone 555 N16 
(-105 kb) containing the 7, i and K gene also showed that the K- gene is situated at 
one end of the locus with clone 156 J3 containing -85 kb of flanking region 
(detailed in section 3.2.3.4). To identify more clones in the region beyond the a-
casein gene, primers were designed from the right end fragment (5' upstream 
region of cc-casein gene) of clone 365 E21 (forward- 5' 
ATCCAGCTCAAGGGGAAGTTCC 	3 1 , 	reverse- 	5' 
GAGAGGCATGAGAGGGGTTGAA 3'). Another round of screening the library 
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Table 3.3. Clones isolated from the BAC library. 
Plates 	clones 	 genes present 
Screened identified 
a P Y 	C 	K 
365 365 E21 * * 
201 201E9 * * 
459 459N19 * * 
185 185018 * 	* 
394 394C5 * 	* 
490 490H23 * * * 
555 555N16 * 	* 	* 
156 156J3 * 
280 280 M14 beyond 5' of a 
346 no positive 
418 no positive 
447 no positive 
The clones were isolated by PCR screening, colony transfer and hybridisation. * - 
represents the presence of corresponding gene in the respective clone. 
1 05a 
allowed the isolation of a positive clone, 280 M14, which was also found negative 
on probing with the casein probes. 
The left and right end fragments of BAC clones were generated by IPCR 
and plasmid rescue (for details refer to section 2.6). The end probes of each BAC 
clone facilitated the identification of the respective end fragments after restriction 
digestion. Thus, (detailed) maps of each analysed clone have been constructed. 
BAC 1 and BAC2 primers were used to generate left end probe by amplifying 
fragments of restriction digested (490 1-123- SphI, 555 N16- Sac!, 365 E21- Sac!, 
201 E9- BamHI, 185 018- SmaI, 156 J3- Sad) self-ligated left end fragments. The 
restriction digested (490 H23- SphI, 555 N16- SphI, 365 E21-BamHI, 201 E9-
BamHI) self-ligated right end fragments were sub-cloned. Plasmid DNA prepared 
from the subclones were PCR amplified using M13 and BAC4 primers. Thus, 
both right and left end probes were generated by PCR amplification of the 
respective end fragments. 
To carry out plasmid rescue and further PCR amplification, the end 
fragment size should be less than 5 kb. Wherever that was not possible, e.g. clones 
185 018, Sacl digested self-ligated (-.7 kb insert) and 156 J3, SphI digested self-
ligated (-'10 kb insert) -350 base pairs of the subclones were sequenced using SP6 
promoter sequences. Primers (Table 3.4) were designed from the sequences and 
subsequent PCR amplified products were used as right end probes. T7 and SP6 
oligos (Table 3.4) (promoter sequences flanking the left and right ends of the 
cloning site respectively) were also used to probe restriction digests of clone DNA 
in certain cases to confirm the end fragments. 
The probes generated were sequenced and compared with the sequences 
available in the database. The right and left end probes of clone 201 E9 showed 
similarity to many murine repeat family sequences and resulted in nonspecific 
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Table 3.4. Primer pairs used to amplify BAC end fragments (right and left, wherever 
the end fragment size was more than 5 kb). 
Name of BAC sub-clone 	Primers 	 Product size (bp) 
185 018 S'acl F- GCTCTGTCCAACCTTTGGCTGT 	143 
(right end) R- CCAGCCAAGTGAGTGTGAGGAA 
156 J3 SphI F- GCATCTGCAGAAACCTATTACATG 	183 
(right end) R- TTCATTCGGATCATTCAGTGACC 
490 H23 Sf11 F- AAGAAATTCTTCCTGCTCATTCA 	105 
(left end) R- GTFGCCTGAATTAATCTCAAGTTG 
Promoter sequences used for sequencing BAC ends 
Name of BAC end Name of promoter 	Sequence 
Right end 	 SP6 
	
ATTTAGGTGACACTATAG 




hybridisation. The problem was solved by treating the labelled probes with mouse 
COT 1-DNA (detailed in section 2.5) 
The left end fragment of clone 490 H23 (Sfl digested and self ligated, for 
details refer to section 2.6) was also generated by plasmid rescue and sequenced 
using T7 promoter sequences. Primers designed from the sequences (Table 3.4) 
were used for long range PCR, in attempts to orientate the F--casein gene. 
3.2.3.3. Analysis of clones 490 H23 and 555 N16 
The clones, 490 H23 and 555 N16 (containing cc, 3, y and 7,  c, K genes 
respectively) were mapped with a few selected restriction enzymes (Not!, Sail, 
Smal, Sf!, X7oI, PvuI and BamHI). Since Nod does not have a recognition site 
within the cloned mouse sequences and has sites in the vector flanking the cloning 
site, it cuts the insert out of the vector as a single fragment which helped to assess 
the size of the cloned fragment. The inserts of clones 490 H23 and 555 N16 are of 
—155 kb and —105 kb respectively. Restriction digestion and Southern blot 
analysis of the clones are shown in Fig. 3.3.a, b, c. Clone 490 H23 contains 
complete a, 0 and y genes while clone 555 N16 contained only the 3' region of y-
casein gene. This was evident from the BamHI fragment present in the clones and 
genomic digest, two fragments (40 and 25 kb) in a, one (40 kb) in P and two (25 
and 10 kb) in y casein genes. 
The end fragments of each clone were identified by probing the digested 
clones with probes generated from the left and right ends of the respective clone. 
Thus a detailed map of the clones (490 H23 and 555 N16) (Fig. 3.4) was 
generated and positions assigned for the five different casein genes. The a and 
genes are located close to each other with an inter-genic region of —8 kb and c 
gene is located —20 kb awayfrom y gene. The distance between P and y is —55 kb 
and between c and K 1S —40 kb. The map shows that the murine casein locus is 
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Photograph of ethidium stained gel containing restriction digested clone 
L 490 H23. ii. 555 N16. 
Electrophoresis was performed in a CHEF DR-Ill system (Bio-Rad) 
for 12.5 hrs, 14°C in 0.5 x TBE at 6 V/cm, 120 0 angle with initial 
and final switch intervals of 0.2 s and 8.0 s respectively. The enzymes used 
were the same for both the clones and are indicated above each lane as follows: 
N-NotI, Sa- Sail, Sm-SmaI, Sf-SfiI, X-XhoI, P- PvuI, B- BamHI. Ml and M2 
are molecular size markers, 5 kb and 39 kb ladders respectively. 
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Fig. 3.3.b. Southern blot analysis of clone 490 H23 which contains the a, P and y genes. The probes used were cDNA (a and y) 
and the - intron 8 PCR (1). Fragments which hybridised with more than one probe are marked with common superscripts. 
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Fig. 3.3.c. Southern blot analysis of clone 555 N16 which contains the 'y, c and K genes. cDNA - ' and K and 5' PCR (cDNA) - 
E probe were used. Fragments hybridised with more than one probe are marked with common superscripts. The absence of any 
fragment in lane 3 (Smal digestion) when probed with the y-cDNA was due to the small size (<2 kb) of the hybridising 
















Fig. 3.4. Restriction map of the clones 490 H23 and 555 N16 showing the organization of the genes in the murine casein locus. 
The dotted line (probes) below the maps indicate the limits of hybridisation of the cDNA or other probes. The solid bars 
(genes) below the maps indicate the maximum size of each gene i.e the restriction fragments to which the corresponding probes 
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contained in a 250 kb fragment and the genes are arranged in the order a-13—y—c-
K, fixing a and K at the ends of the locus. 
3.2.3.4. Orientation and Contig map of the clones 
As well as clones 490 H23 and 555 N16, clones, 365 E21, 201 E9 (both 
—115 kb and contain a and 13 genes), 185 018 (-80 kb, ' and c genes) and 156 J3 
(-98 kb, K gene), were mapped using the enzymes described earlier. A contig map 
of the locus is shown in Fig. 3.5. This analysis also served to orientate the various 
genes within the casein locus. 
1. a-13 orientation 
Two BamHI fragments of —40kb and 25 kb were identified by the a cDNA 
probe while the 5' and 3' specific 13  probes and the 3' specific a probe hybridised 
to an identical 40 kb fragment (Fig. 3.6.a, b). In addition, an identical Sail 
fragment of-25 kb was identified by the a cDNA, a-3' and 13-3' (intron 8) probes. 
The 13-5' probe identified different sized fragments in various clones. This was due 
to the absence of other Sail sites in the clones containing a and 13 genes (Fig. 3.5) 
(but the cloning vector, pBe1oBAC1 1 has two Sail sites on either side of the 
cloning site, refer to Fig. 2.4 in section 2). Thus, the 40 kb BamHI fragment 
containing the 13-casein gene and the 3' region of a-casein gene and the 25 kb Sail 
fragment containing the a-casein gene and the 3' region of 13-casein gene indicated 
a tail to tail orientation of the two genes. 
Long range PCR experiments were performed in the clones containing the 
a and 13 genes to determine the relative orientation of these genes. Various primer 
combinations, a-3' forward + 13- intron 8 reverse; a-3' reverse + 13- intron 8 
forward, a-3' forward + 13- intron 8 forward and a-3' reverse ± 13- intron 8 reverse 
(refer to Table 2.2 for primer sequences) were used in PCR experiments. The 
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Fig.3.5. Contig map of 7 BAC clones covering the murine casein locus containing all five known casein genes. The Xhol (X) 
and Sail (S) sites are shown. The results of the partial A7w1 digests of genomic 129 DNA were consistent with the AlzoI sites 
mapped in these seven BAC clones. 
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Fig. 3.6.a. Restriction analysis of clone 365 E21, containing cc and -casein 
genes. 
L Photograph of ethidium stained gel. Electrophoresis was performed in a 
CHEF DR-Ill system (Bio-Rad) for 12.5 hrs, 14°C in 0.5 x TBE at 6 V/cm, 
1200 angle with initial and final switch intervals of 0.2 s and 8.0 s 
respectively. The enzymes used are indicated above each lane as follows: 
N- NotI, Sa- Sail, Sm- SmaI, Sf- SJiI, X-X72o1, P- PvuI, B- BamHI. Ml and 
M2 are molecular size markers, 39 kb and 5 kb ladders respectively. 
Smearing of the lanes was due to bacterial DNA contamination, which did 
not interfere with hybridisations. 
ii. Southern blot was hybridised with the a (cDNA) and 3 (5' end, PCR) 
probes. 
W. Same blot was reprobed with the cc (3' UT) and 3 (intron 8) PCR probes. 
represent the Sail and BamHI fragments compared in orientating the cc, 
-casein genes. 
U1 .1161 
Ml M2 	N S.i m Si 
1. 
a (cDNA) 	 p (5 1 ) 
Ml 	N Sa Sm Sf X P B N Sa Sm Sf X P B M2 
ii . 	- - - --- - 	 - 
117kb- 
-Ic 
39kb- 	 now 	 4m 	40kb 
-10kb 
a (3'PCR) 	 f3 (3'PCR) 




Fig. 3.6.b. Restriction analysis of clone 201 E9, containing the cx and 
casein genes. 
1. Photograph of ethidium stained gel. Electrophoresis was performed in a 
CHEF DR-Ill system (Bio-Rad) for 12.5 hrs, 14°C in 0.5 x TBE at 6 V/cm, 
1200 angle with initial and final switch intervals of 0.2 s and 8.0 s 
respectively. The enzymes used are indicated above each lane as follows: 
N- Nod, Sa- Sail, Sm- SmaI, Sf- Sf11, X- XhoI, P- PvuI, B- BamHI. Ml and 
M2 are molecular size markers, 39 kb and 5 kb ladders respectively. 
Smearing of the lanes was due to bacterial DNA contamination, which did 
not interfere with hybridisations. 
Southern blot was hybridised with a (cDNA) and 13 (5' end, PCR) 
probes. 
Same blot was reprobed with the cx (3' UT) and 13 (intron 8) PCR probes. 
.. represent the Sail and BamHI fragments compared in orientating the cc, 
13-casein genes. 
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Ml N12 N Sa 	Sm Sf X P B 
1 . 
a (cDNA) 	 p (5') 
Ml 	N Sa 	Sm Sf X P B N Sa Sm Sf X P B M2 
II. 
117kb- 	- 	 * 
39kb- 	* -- 
	* T 
a (3'PCR) 	 13 (3'PCR) 
N Sa 	Sm Sf X P B N Sa 	Sm Sf X P B 
* --- 
Fig. 3.6.b 
positions of the a and 3 genes and the forward primers are schematically 
presented in Fig. 3.7. The forward primers from the 3' regions of the two genes 
(a-5'-TGACTGGACCCTCCATTCTC-3'; 13-5'-TTCTCGACCTATGGGTCAGG-
3'), yield a fragment of —11 kb (Fig. 3.7). These observations demonstrated the tail 
to tail orientation of the a and 3 genes and showed that the two genes are situated 
very close to each other with an intergenic region of--8 kb. 
y-orientation 
Two BamHI fragments of —25 and 10 kb were revealed with the 'y cDNA 
probe (clone 490 H23). The smaller fragment also hybridised to the 3' specific 'y 
probe in this and two other clones analysed in the contig (clones 185 018 and 555 
N16) (Fig. 3.8. a, b). This result shows the a and y genes have the same 
orientation. 
E-orientation 
The orientation of the c gene has yet to be determined. None of the 
enzymes so far tested enable the determination of this gene's orientation with 
respect to others. As a final attempt a long range PCR analysis was also carried 
out to orientate the c-casein gene. Primers designed from the left end fragment of 
clone 490 H23 (Table 3.4; Fig. 3.9) (region very close to the c-casein gene) and E:- 
casein cDNA derived primers (refer to Table 2.2 in section 2) were used in this 
experiment. Different primer combinations were used to amplify fragments using 
the various cloned DNA as templates. 
Even though small quantities of various sized fragments were amplified in 
different experiments, substantial amplification was observed when two sets of 
primer pairs were used. 490 H23 reverse + c-S' forward and also 490 H23 forward 
+ E-5' reverse (template DNA-clones 185 018 and 555 N16) (Fig. 3.9). The first 
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Fig. 3.7. Long range PCR. 
Using the forward primers from the 3' regions of the a (3' UT) and 3 
(intron 8) genes in clones, 
i. 365 E21 ii. 201 E9 
Using T7 promoter sequences and reverse primer from the 3' untranslated 
region of K cDNA in clone 156 J3 
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Restriction digested clone 490 H23 containing the c, 3 and y-casein genes. 
The southern blot shown in Fig. 3.5.a was reprobed with 
L the y - cDNA probe 
H. the y- 3' UT PCR probe. 
The enzymes used are indicated above each lane as follows: N-NotI, Sa-SalI, 
Sm-SmaI, Sf-SflI, X-XhoI, P-PvuI, B-BamHI. Ml and M2 are molecular size 
markers, 5 kb and 39 kb respectively. - represent the BamHI fragments 
compared in orientating the y-casein gene. 
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Fig. 3.8.b. Restriction analysis of the clones containing the 3 region of the 
y-caseln gene. 
i. Photograph of ethidium stained gel containing restriction digested clone 
185 018 (contains y, 6 genes). Electrophoresis was performed in a CHEF 
DR-Ill system (Bio-Rad) for 12.5 hrs, 14°C in 0.5 x TBE at 6 V/cm, 1200 
angle with initial and final switch intervals of 0.2 s and 8.0 s respectively. 
The enzymes used are indicated above each lane as follows: N- Not!, Sa-
Sail, Sm- SmaI, Sf- Sf1, X- XhoI, P- PvuI, B- BamHI. Ml and M2 are 
molecular size markers, 5 kb and 39 kb ladders respectively. Smearing of 
the lanes was due to bacterial DNA contamination, which did not interfere 
with hybridisations. 
Southern blots were hybridised with 'y-cDNA and 3' PCR probes. 
185 018 
555 N16 (blot shown in Fig 3.5.a was reprobed). 
After the first probing the blots were stripped and probed with the second 
probes. 
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Fig. 3.9. Long range PCR carried out using various primer combinations 
and different template DNAs, inorder to orientate the c-casein gene. The 
primers were designed from the left end fragment of clone 490 H23 and 
from 5' region of c-casein cDNA. The 5'-3' direction of the 490 clone 
primers are known and as shown in the diagram (F- forward, R- reverse). 
regarding c-casein, primer 1 is named as F and 2 as R) 
1. Ethidium stained gel photograph. 5p1 of gthe PCR amplified reaction 
mix was loaded in each well. M- 1 kb ladder. 
Lane Primer pairs Clones used as Amplified fragment 
No used template DNA size (kb) 
1. 490R + c-R 185 018 nil 
2 it 	 if  555 N16 15 
 " 	 it  490 H23 9 
 490R + c-F 185 018 9 
5 " 	H 555N16 9 
 it 	 if  490 H23 9, 0.2 
 490F + c-R 185 018 12, 4, 1.5, 0.8 
 " 	it  555 N16 12, 4, 1.5, 0.8 
9 " 490 H23 0.8 
H. Southern blot analysis using c-casein cDNA probe (The hybridised blot 
was exposed to X-ray film for 30 mm). 
Fragments in bold letters were hybridised to c-casein probe. 
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one Cl 	185 018 
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I 	i ____ Clone 555Nl6  
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Diagramatic representation of the primers designed for the long range PCR to 
orient epsilon-casein gene. The arrows represent the forward and reverse primers 
from the left end of clone 490 H23. The primers for the epsilon-casein gene were 
designed from the cDNA sequence. N- Nod site, V- Vector sequence, 
a, 13, 7, and K- locations of the casein genes. 
Fig. 3.9 
primer pair amplified a fragment of —9 kb and the second pair amplified a 
fragment of —1.5 kb. Since the orientations of the 490 H23 reverse (5'-3' towards 
the c gene) and forward (5'-3' towards the y gene) primers are known, logically it 
is not possible to amplify a fragment using the latter primer pair irrespective of the 
orientation of the c-casein gene. The amplified products were further analysed by 
Southern blotting and hybridisation using the e-casein probe. Hybridisation of the 
probe to both the fragments (9 kb and 1.5 kb) made it difficult to orientate the 
gene. Since the small fragment (1.5 kb) also hybridised to the F,-casein probe, this 
might be an amplified fragment of the c-casein gene due to some kind of false 
priming. Even then, considering the size of the maximal restriction fragment (Fig. 
3.4, 15 kb SmaIIBamHI) containing the -casein gene and the primer pair used, the 
9 kb fragment might be the true amplified product. If that is true, then the e-casein 
gene also has the same orientation as the j3-casein gene. 
4. K-orientation 
The orientation of the K-casein gene was identified by long range PCR 
performed in the clone 156 J3 (- 98 kb). Probing the clone with a probe generated 
from the left end fragment placed the K gene near the T7 promoter sequence, 
which flanks the left end of the cloning site (Fig. 3.10). A primer pair consisting 
of T7 promoter sequence and the reverse primer from the 3*  untranslated region of 
the K-cDNA amplified a fragment of --10 kb (Fig. 3.7). Also the clone was found 
negative for any of the other known casein genes. So, positioning this clone in the 
contig map in relation to clone 555 N16 (which also contains the c and y genes) 
showed that the K gene has the same orientation as the a and y  genes. 
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Fig. 3. 10. Restriction analysis of clone 156 B. 
I. Photograph of ethidium stained gel containing restriction digested clone 
156 J3 (contains K-casein gene). Electrophoresis was performed in a CHEF 
DR-Ill system (Bio-Rad) for 12.5 hrs, 14°C in 0.5 x TBE at 6 V/cm, 120 0  
angle with initial and final switch intervals of 0.2 s and 8.0 s respectively. 
The enzymes used are indicated above each lane as follows: N- NotI, Sa-
Sail, Sm- SmaI, Sf- Sf1, X- \i7ioI, P- PvuI, B- BamHI. Ml and M2 are 
molecular size markers, 39 kb and 5 kb ladders respectively. Smearing of 
the lanes was due to bacterial DNA contamination, which did not interfere 
with hybridisations. 
ii. Southern blot hybridised with K-cDNA and left end probes. 
Similar sized fragments were hybridised in both the hybridisations. 
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3.2.4. Exploration of the locus for putative additional genes. 
The locus was examined for the presence of additional gene sequences 
expressed in the mammary gland. This was carried out by selecting five BAC 
clones, which span the entire murine casein locus (-470 kb) including —165 kb 5' 
(5' to the cc-casein gene) and —85 kb 3' (3' to the i-casein gene) flanking regions. 
The clones, 156 B. 555 N16, 490 H23, 365 E21 and 280 M14, were digested with 
BamHI and electrophoresed under pulsed-field conditions. The resulting Southern 
blot was probed with total cDNA synthesised from poly (A) RNA isolated from 
14 day lactating mouse mammary gland and later reprobed with a mixture of all 
known casein probes (cDNA- a, y, K C - 5' cDNA, and 13 - 3' cDNA probes) (Fig. 
3.11). As there are no internal BamHI sites in the 13  and c-casein genes (Fig.3.4) 
the fragments identified by the 3' and 5' probes respectively contain the entire 
genes. When the autorad figures were compared, the total cDNA probing exposed 
the presence of an extra hybridising fragment of —15 kb in clone 490 1123. 
Positioning of this fragment in the clone map revealed that the fragment lies 
between the 13  and y genes in the 55 kb intergenic region, near to the y gene (Fig. 
3.12). 
3.3. Discussion 
The absence of any casein gene in the P1 library is probably due to its 
limited genome coverage (1.0). Compared to the P1 library, the BAC library has 
—7 times more genome coverage (7.37). So, there is an increased probability of 
incorporating the fragments containing the same genes, thus enabling the 
identification of more than one clone containing the same genes from the BAC 
library. Even though the cloning efficiency is dependent on many factors, from the 
clones isolated, it was observed that fragments from certain regions of the genome 
are more efficiently cloned than other parts. For example. 8 plate pools were 
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Fig. 3.1 1. Southern blot analysis of five BAC clones, span the entire murine 
casein locus including -465 kb 5(5' to the cc-casein gene) and -85 kb 3' (3' 
to the K-casein gene) flanking regions. The clones were digested with 
BamHI. 
i. Photograph of ethidium stained gel. The clones are 1. 156J3 2. 555N16 
3.490H23 4.365E21 5.280M14. 
Ml and M2 are molecular size markers, 39 and 5 kb ladders respectively. 
H. a. Southern blot hybridised with 14 day lactating mammary cDNA 
(synthesised from poly (A) RNA) probes. The hybridised blot was exposed 
to film for 5 days. 
b. The blot was reprobed with a mixture of all known casein probes, 
eDNA - a, y, i; c - 5' PCR (cDNA) and 3 - 3' PCR (cDNA) . The blot was 
exposd to film for 2 hours. The faint bands were varified by longer 
exposure. 
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Fig. 3.12. Contig map of the five BAC clones span the entire casein locus including -165 kb 5' and -85 kb 3' flanking regions 
examined for the presence of any additional putative genes. Location of the new 15 kb fragment is shown. B- BamHI sites. 
I. 
Region where the new 
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Fig. 3.12 
found positive for the a, 13  and 'y casein genes while from the same library only 4 
plate pools were found positive for the c and K genes. Therefore, on this basis, it 
may be possible to isolate at least one clone containing the a, 13 and y casein genes 
from a library having 1 x genome coverage and for c and K genes a minimum of 2 
x genome coverage is required for identifying one positive clone. 
A few super pools and plate pools of BAC library and the pools from P1 
library gave positives in which apparently correct sized PCR fragments could be 
amplified, but failed to yield clones harbouring the relevant genes in subsequent 
rounds of screening. This failure could be attributed to either clone instability, the 
loss of clones from the relevant archives or to false priming events. 
The bacterial artificial chromosome (BAC) vector system proved to be 
particularly useful to confirm the detail structure of the murine casein locus. 
Although the insert sizes of the clones isolated ranged from 80 kb to 155 kb, 
BACs are capable of accommodating fragments upto 300 kb (Shizuya et.al ., 1992; 
Woo et.al ., 1994., Li Cai et. al., 1995). 
The 470 kb casein locus (including 5' and 3' flanking region) has been 
investigated for the presence of other genes expressed in the lactating mammary 
gland. The presence of an additional -15 kb fragment (in clone 490 H23) on 
probing with total mammary cDNA (corresponding to poly (A) RNA) suggests 
the presence of one more region in the locus, which is transcribed during lactation. 
Detailed investigation is needed to clarify whether this encodes another milk 
protein or casein or is due to the presence of a gene whose expression is 
ubiquitous. I have only examined the BAC contig for the presence of genes 
expressed in the lactating mammary gland. Further examinations with cDNA 
probes from other tissues could confirm the ubiquitous or confined expression of 
this gene. 
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By the analysis of large fragment genomic clones I have demonstrated that 
all five mouse casein genes map to a common 250 kb region of chromosomal 
DNA. I have further shown that the order of the genes within the casein locus is 
cc--y-c-. Earlier Gupta et.al . (1982) reported that the casein genes, a, 3, y are 
located in murine chromosome 5. Thus, I can now also assign the e and K genes to 
chromosome 5. 
In mice the a and P genes and the y and E genes are located close to each 
other. The a, P genes together constitute 34 -35 kb with an intergenic region of 7 
- 8 kb and the genes are in a tail to tail orientation. The distance between the y  and 
genes is less than 20 kb. From the map generated, it is found that the overall 
sizes of the a and E genes are not more than 15 kb, K not more than 20 kb and y 
not more than 25 kb, which is consistent with the size of casein genes from other 
species (Alexander et.al ., 1988; Bonsing et.al ., 1988; Koczan et.al ., 1991; 
Groenen et.al ., 1993; Provot et.al ., 1995). Fine mapping with other enzymes 
should make it possible to define more precisely the limits of these genes. Murine 
-casein gene is already sequenced completely and has a size of about 13 kb 
including its 5' and 3' flanking sequences (Yoshimura and Oka, 1989) which is in 
agreement with our finding (-14 kb). 
The bovine casein locus has been shown to be contained in a genomic 
DNA fragment of about 200 kb with the genes in the order aS 1 --aS2-K 
(Threadgill and Womack, 1990; Ferretti et al., 1990). The data obtained in this 
study indicate that the murine casein locus is larger than bovine locus with an 
additional (fifth) gene, c. The cDNAs of murine a, 13  and K caseins exhibit 
sequence similarity to bovine aS 1, 13  and K respectively, while y  and c both share 
sequence similarity with bovine ctS2 (Mercier and Vilotte, 1993). 
The caprine casein locus has also been reported to be contained in a 250 
kb region of genomic DNA and the four casein genes are tightly linked and 
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arranged in the order, aS 1 -13-aS2-K  (Leroux and Martin, 1996). Interestingly, they 
have also shown that the a and P genes are orientated in a tail to tail fashion -42 
kb apart. The overall size of the caprine casein locus and the tail to tail orientation 
of the a and P genes are in agreement with the present findings. 
Comparison of the bovine/caprine and murine casein loci suggests that a 
further gene duplication has occurred in the murine lineage with murine y and c 
sharing a common ancestor with bovine/caprine aS2. There is no record of a fifth 
casein gene in cattle or goats. Thus, the presumed homology between the genes 
encoding murine a, 0 and K and bovine/caprine aS 1, P and K caseins is supported 
by sequence similarity and conserved gene order. 
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Chapter 4 
Mapping the murine casein locus - High molecular weight 
(HMW) genomic DNA analysis. 
4.1. Introduction 
The physical map constructed by BAC clone analyses was confirmed by 
restriction analysis of genomic DNA prepared from strain 129 mice. The various 
restriction fragments identified in the BAC clones, on hybridisation with different 
casein probes were further ascertained in genomic DNA. This analysis was carried 
out by long range restriction mapping of very high molecular weight genomic 
DNA under pulsed-field conditions. 
4.2. Results 
4.2.1. Restriction digestion and pulsed-field analysis 
Genomic DNA was digested with restriction enzymes, having recognition 
sequences in CpG islands, inter CpG island regions or having large recognition 
sequences, to generate large genomic DNA fragments. The enzymes used were, 
Nod, AscI, SgrAII, BssI-llI, EagI, SacII, NarI, Smal, MluI, PvuI, NruI, )77oI, Sail, 
Cia! , Sf1 and BamHI. Of these enzymes, all except Sf! and BamHI have either 
one or two CpG motifs in their recognition sites and are sensitive to cytosine 
methylation. 
Restriction digested genomic DNA was electrophoresed in a CHEF DR-Ill 
system (Bio-Rad) under pulsed-field conditions (for 18 hrs at 14°C in 0.5 x TBE 
at 6 Vt cm, 120 0 angle with initial and final switch intervals of 5 s and 40 s 
respectively) which separated fragments up to 550 kb. Analysis of Southern blots 
showed that of these enzymes, only )thol, Sf1! and BamHI would be useful in 
characterising the murine casein locus. XhoI gave a partial digestion of the DNA 
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(Fig. 4. la, b) with fragments of various sizes. The apparently common hybridising 
fragments detected were -340 and -250 kb with all five casein probes, 190 kb 
with the a, 13 , '1' and c probes, 150 kb with the a, 13  and y probes, 45 kb with the s 
probe and 70 kb with the K probe. These data are consistent with the BAC clone 
map. 
Restriction digestions with Sf! and SjiI/)thol gave similar sized fragments 
of -60 kb with the a, 13 and y probes (Fig. 4.1b) while the clone map showed two 
fragments, -50 kb hybridised to the a, 13 probes and -60 kb to the y probe. This 
suggested that the fragment hybridised by the a, 13 and 7 probes represents more 
than one fragment probably due to the reduced resolution efficiency in the range 
of 50 to 100 kb. Moreover, in the clone map two )thol sites were detected in the 
Sf! fragment containing the 7 gene. Further analyses were carried out on genomic 
DNA by resolving fragments in the range of 5-75 kb (electrophoresis was 
performed in a CHEF DR-Ill system (Bio-Rad) for 12.5 hrs, 14°C in 0.5 x TBE at 
6 V/cm, 1200 angle with initial and final switch intervals of 0.2 s and 8.0 s 
respectively, Fig. 4.2a, b). These conditions separated two Sfl fragments of -50 
and -60 kb - the -y-casein probe hybridised to the larger fragment whereas a and 13 
probes hybridised to the smaller fragment. Double digestion with SjiI/AlioI 
reduced the size of Sf! fragment containing the 7 gene, consistent with the BAC 
clone map. These findings clarified the descrepancy in observations between the 
clones and the genomic DNA. 
Southern blot analyses of BamHI digested genomic DNA are shown in 
Fig. 4.3a, b. The a-casein cDNA probe hybridised to two fragments of 40 and 25 
kb while the 3' probe of a and the 5' and 3' probes from the 13-casein gene 
identified a similar sized (40 kb) fragment. Moreover, in the Sf L/BamH! double 
digestion the a-cDNA probe hybridised to two fragments of 25 and 20 kb and a 
similar sized 20 kb fragment was hybridised to the 3' probe of a and 5' and 3' 
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Fig. 4.1. a. 
Ethidium stained pulsed-field gel photograph of restriction digested genomic DNA. 
Electrophoresis was performed for 18 hrs, 14°C in 0.5 x TBE at 6 Vt cm, 1200 angle 
with initial and final switch intervals of 5 s and 40 s respectively. The enzymes were 
X- XhoI, S- Sf1, X/S- XhoIJSfiI. M is the molecular size marker (49 kb ladder). The 
blot was cut into 3 portions, each containing XhoI, Sf1 and XhoJJSfiI digested DNA and 
were probed with the casein probes. 
116a 
a 









Fig.4.2. b. Pulsed-field gel of restriction digested genomic DNA showing a 
better resolution in the lower range (5-75 kb), hybridised with cc, 13 and y 
probes. The probes used were a, 'y - cDNA 13 - 5' (HindIIIIScaI) genomic 
fragment. Fragments hybridised with more than one probe are marked with 
common superscripts. The enzymes were S- Sf11, XIS- XhoI/Sf1I. M is the 
molecular size marker (5 kb ladder). The ladder starts from 10 kb onwards. 
Here, cc and [3 probes hybridised to the same fragment and a slightly larger 
fragment hybridised to 'y probe in Sf11 digestion. The y probe also hybridised 
to a smaller fragment in XhoI/SfiI double digestion which was consistent 
with the observations in the BAC clone analysis. 
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Ethidium stained pulsed-field gel photograph of restriction digested genomic 
DNA. Fragments between 5-75 kb were separated by electrophoresing for 15 hrs, 
14°C in 0.5 x TBE at 6 VI cm, 120° angle with initial and final switch intervals of 
0.2 s and 8.0 s respectively. The enzymes were S- Sf11, XIS- Xho 11 SfIT . M is the 
molecular size marker - 5 kb ladder. The blot was cut into 3 portions, 1 and 2 
containing Sf11 and XhoJISfiI digested DNA (probed with a and y probes) and 3 
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Fig.4. 1. b. Pulsed-field gel of restriction digested genomic DNA, hybridised with (a) a, (b) 3, (c) y, (d) 6, (e) K probes. The probes 
used were a, -y  and K - cDNA, c - 5 PCR (cDNA) and 3 - 5' (HindlIl/Scal) genomic fragment. The enzymes were X-XhoI, S- Sill, 
XIS- XhoIISfiI. M is the molecular size marker (49 kb ladder). Same superscript is given to similar sized fragments hybridised to 
_ 	various probes. 
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Fig. 4.3. a. 
Ethidium stained pulsed-field gel photograph of restriction digested genomic DNA. 
Electrophoresis was performed for 13 hrs, 14°C in 0.5 x TBE at 6 Vt cm, 1200 
angle with initial and final switch intervals of 0.2 s and 8.0 s respectively. The 
enzymes used were B- BamHI, B/S- BamHL'Sfil. Ml and M2 are molecular size 
markers, 5 kb and 8 - 48 kb ladders. The blot was cut into 4 portions, each 
containing BamHI and BamHJJSfiI digested DNA and were probed with the casein 
probes. 
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Fig.4.3. b. Pulsed-field gel of restriction digested genomic DNA, hybridised with the casein probes. i, cDNAI5' probes ii. 3' probes. 
The probes used were 
a, y,  and K - cDNA ; c - 5' PCR (cDNA); 0 - 5' (HindIII/ScaI) genomic fragment 
ii. a, y, F, and K - 3' PCR (3'UT); f3 - PCR (intron 8) 
The enzymes were B- BamHI, B/S- BamHI/SfiI. M is the molecular size marker, 5 kb ladder. Fragments hybridised with more than 
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probes of 13-caseins. This suggested that the 40 kb BamHI fragment contains a 
restriction site for Sf11, which shortened the fragment to 20 kb. Two fragments of 
25 and 10 kb were hybridised to the y  eDNA probe and the smaller fragment was 
identified by the 3' probe. All these findings were consistent with the observations 
in the BAC clone analysis. 
Other enzymes such as ApaI, Bg[l, EcoRV and HaeII were also used to analyse 
the genomic DNA. These enzymes were found not to be effective in characterising 
the murine casein genes, due to the inability to generate fragments which help 
either to orientate a gene or to order the various genes in the locus. 
4.3. Discussion 
The fragments identified in the genomic DNA analysis were compared to 
confirm the physical map constructed by the BAC clone analysis. The partial 
fragments obtained in X7zol digestion of genomic DNA are consistent with the 
clone map. It is clear from the map that the murine casein locus is contained 
within a 250 kb partial 17io1 fragment. Partial digestion might be due to 
methylated cytosines in the CpG dinucleotide of the )72oI recognition sites, since 
the genomic DNA used for the restriction analysis was prepared from spleen cells 
in which casein genes are not expressed. Restriction digestion of clones with Sf11 
gave fragments of -50 kb containing a and 13,  -60 kb containing 'y, -.35 kb 
containing c and 35 kb containing K casein genes. These data are also consistent 
with the sizes obtained in Sf1l digestion of genomic DNA. BamHI digestion of 
genomic DNA and clones produced similar sized fragments and clearly indicates 
the tail to tail orientation of the a and P genes. The presence of a Sf11 restriction 
site in the 40 kb BamHI fragment of a and 13-casein genes is in agreement with the 
findings of Yoshimura and Oka (1989). 
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In vertebrates the dinucleotide CpG is present at only 25% of the expected 
frequency. In addition 80% of the genomic CpG sites are methylated (Bird. 1986). 
Moreover the distribution of unmethylated CpG residues is not random. They are 
found in clusters in regions known as CpG islands. In mammals CpG islands are 
rich in G+C residues and are the principal sites of cleavage for methylation 
sensitive restriction enzymes with G+C rich recognition sequences containing one 
or more CpG residues (Brown and Bird, 1986). The presence of CpG islands on 
genomic maps has been instrumental in the localisation and subsequent isolation 
of genes (Gessler et al., 1990). The occurrence of CpG islands in the vicinity of a 
probe is often indicated by the detection of hybridising fragments of apparently 
the same mobility after digestion with a variety of enzymes which have cutting 
sites within the CpG islands. 
Following digestion of genomic DNA with enzymes whose sites include 
CpG motifs, I was unable to identify any fragments with the casein probes. Most 
of these enzymes are sensitive to methylation of the CpG sequence. Thus, the 
failure to find fragments, resolvable even by PFGE, that hybridise to casein probes 
suggests that either there is an absence of appropriate sites (CpG islands) or that 
the sites are methylated and resistant to cleavage. Due to the inability to detect in 
genomic digests the Smal fragments predicted from the clone maps supports the 
latter interpretation. Hence, it is concluded that there are no CpG islands (i.e. 
unmethylated clusters of CpG) associated with the murine casein locus. This is not 
surprising as only about 40% of tissue specific genes (in humans) are associated 
with CpG islands (Larsen et al., 1992) and the proportion of CpG island 
associated genes is lower in mouse genome (Antequera and Bird, 1993). 
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Cli apter5 
Expression analysis of various casein genes - during 
pregnancy and lactation 
5.1. Introduction 
Mammary gland development in the mouse depends upon the interactions 
of multiple hormones and growth factors. Development is maximal during 
pregnancy and occurs in several stages. In the early stages of pregnancy, cellular 
proliferation of the distal portion of the ductal tree leads to the formation of 
alveoli in response to elevated levels of oestrogen and progesterone. As pregnancy 
progresses, there is regression of the mammary fat pad, increased vascularisation 
of the gland and increases in both the size and number of the alveolar lobules. In 
the later stages of pregnancy, columnar epithelial cells with large vacuoles line the 
alveoli and the cells become secretory under the influence of lactogenic and 
adrenal steroid hormones. The acinar luminae become filled with colostrum. At 
the begining of lactation, there is a sudden decrease in the circulating high levels 
of oestrogen and progesterone and an increase in prolactin levels. The histological 
appearance of the mammary gland undergoes very little change during lactation 
(reviewed by Vonderhaar and Ziska, 1989). 
During lactation the various milk proteins, comprising caseins and whey 
proteins, are produced in response to the interaction of peptide and steroid 
hormones and growth factors with mammary epithelial cells. Varying levels of 
mRNA transcripts of different milk protein genes are reported in rat, mouse and 
rabbit mammary gland during pregnancy and lactation, both in vivo and in 
mammary explant cultures (reviewed by Banerjee and Antoniou, 1985). 
Physical mapping of the casein locus (chapters 3 and 4) has shown that the 
various casein genes are ordered in a tandem array, close to each other, in the 
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mouse genome. Since the genes are tightly linked and the gene products are 
present in the milk, it is of interest to investigate whether or not these genes are 
expressed co-ordinately in the mammary gland. Hence, the expression levels of 
the five casein genes, a, 3, y, E and K were analysed during pregnancy and 
lactation. 
5.2. Results 
5.2.1. Northern Not analysis of the murine caseins. 
Total RNA was prepared from the mammary glands of virgin, pregnant 
and lactating Fl females (C571BL6 x CBA). RNA was isolated at 5, 7, 9, 11, 13 
and 16 days of pregnancy and 1 and 14 days of lactation. Two samples were 
analysed at each time point. Total mammary RNA was fractionated in 
MOPS/formaldehyde agarose gels along with liver RNA as negative control. The 
RNA was Northern blotted onto positively charged nylon membranes and 
analysed with various murine casein probes. 
Initially the murine casein probes, a, y, E and Y, - cDNA probes; 3 - 3' 
genomic DNA fragment (SaIIISacl fragment, refer to Fig. 2.1 in section 2) were 
examined for their hybridisation specificity. The labelled probes were hybridised 
to Northern blots prepared from lactating mouse mammary gland and liver. Each 
probe identified a different sized RNA transcript and thus, could be considered 
specific. (Fig. 5.1). 
The accumulation of the five casein RNAs during development of the 
normal mammary gland from virgin through pregnancy to late lactation was 
determined. Radioactive hybridisation of the Northern blots with the murine 
casein probes are shown in Fig. 5.2. a, b. The hybridised blots were exposed for 
-16 hrs and subsequently scanned in a phosphorimager. The hybridisation 
intensities were determined by phosphorimager scanning and normalised to the 
120 
1 	2 	3 	4 	5 
'LM' 'LM' 'LM' 'LM' rLM 
a. 








0.95kb- 	 . 
	 S S 	• 
Fig. 5.1. 
Ethidium stained gel photograph of lactating mammary (M) and liver (L) RNAs. 
The electrophoresis was performed on a 6.29% formaldehyde gel for 16 hrs at 
1-2 V/cm and the gel was Northern blotted. The blot was cut in to 5 portions, 
each containing mammary and liver RNAs. 
Northern blots were hybridised with the murine casein probes: (1) a (cDNA) 
(2) 0 (5'HindIIIlScaI genomic fragment) (3) ,y (cDNA) (4) e (5' PCR) (5) i(cDNA) 
Ml- is the RNA size marker. 
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hybridisation signal of ribosomal RNA probes (Fig. 5.2. a, b). Variation in the 
levels of the different casein RNAs ((x, 3, y and K) were observed between siblings 
from mid-gestation onwards. This might be due to variations in placental lactogen 
level between the two individuals at each time point; each timepoint analysed 
represents a time-window of 15 hours due to the in-house system for identifying 
plugs. 
The level of expression for each casein gene was determined relative to the 
level at day 14 of lactation. Thus, the relative expression levels (%) were 
calculated taking the 14 day level as 100%. The results for the five murine casein 
RNAs are presented in Table 5.1 and Fig. 5.3. As determined by hybridisation of 
Northern blots there are no detectable levels of the casein RNAs in virgin and 5 
day p.c (post conception) mammary gland. Low levels of the a and - casein 
RNAs were detected in the mammary gland at day 7 of pregnancy. The y-casein 
RNA was detected initially on the 9th day of pregnancy. The levels of these (a, 3 
and y) casein RNAs increased gradually and reached —60, 90 and 100% by the 
first day of lactation. The c-casein RNA were detected only on the first day of 
lactation. Detectable amounts of Y,-casein RNA were observed from the 11th day 
of pregnancy, increased gradually and reached —60% by the first day of lactation. 
Thus, all casein RNAs except c showed a rapid induction from mid gestation 
while the expression of c-casein was delayed until the onset of lactation. 
Although the a, 13  and y caseins appeared to be expressed co-ordinately 
from mid-pregnancy, the levels of all three casein RNAs varied from 60 to 100 % 
by the onset of lactation. The ic-casein level increased at a lower rate from mid 
pregnancy, but not in a co-ordinate fashion with the other three caseins. The 6- 
casein showed a totally different expression profile, which appeared to be 
reminiscent of that of a-lactalbumin (Vilotte and Soulier, 1992). 
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Fig. 5.2. a. 
Northern blot analysis of mammary RNAs at 9 time points. 
Ethidium stained gel (E) photograph of the ribosomal RNA 
probed with ribosomal RNA probe (R) 
probed with (x, 13  and 'y-casein probes (probes as shown in Fig. 5.1) 
The time points are 1) virgin 2) 5dp3) 7dp4)9dp5) 11 dp6) 13dp7) 16 d 
8) idI 9) 14d1. (dp - days of pregnancy; dl - days of lactation). L - liver RNA 
used as a negative control. 
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Fig. 5.2. b. 
Northern blot analysis of mammary RNAs at 9 time points. 
Ethidium stained gel (E) photograph of the ribosomal RNA 
probed with ribosomal RNA probe (R) 
probed with and K-casein probes (probes as shown in Fig. 5.1) 
The time points are l) virgin 2)5dp3) 7dp4)9dp5)11dp6)13dp 
7)16 dp 8) ldl 9) 14dl. (dp - days of pregnancy; dl - days of lactation). 
L - liver RNA used as negative control. 
The sizes of ethidium and autorad pictures are not comparable. 
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Table 5. 1. Expression levels (%) of the five casein genes in virgin, pregnant and 
lactating mouse mammary gland (v- virgin, dp- days of pregnancy, dl- days of 
lactation) 
Days a P Y E K 
v <1 <1 <1 <1 <1 
Sdp <1 <1 <1 <1 <1 
7dp 1 1 <1 <1 <1 
9dp 2 2 1 <1 <1 
lldp 5 5 4 <1 1 
l3dp 16 15 16 <1 4 
16dp 32 34 35 <1 10 
idi 60 92 100 5 58 
14d1 100 100 100 100 100 
Relative levels of RNA accumulation was calculated taking the 14 day level as 
100%. 
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Fig. 5.3. Expression levels of the casein genes in virgin (v), pregnant and lactating 
(1) mouse mammary gland. Level of RNA in 14 day lactating mammary gland was 









5.2.2 Statistical analysis 
With the assistance of Ms. Anthea Springbett statistical analyses were 
carried out on the levels (in virgin, pregnant and lactating mammary gland) of five 
different casein RNAs measured on 9 different time points (2 mice/day). The 
analysis indicated a curvilinear relationship between time and expression level for 
each casein gene. Analyses were also performed for the time at which the 
expression levels begin to rise and their relative rates of increase. The parameter 
estimates were fitted to two types of curves, Gompertz curve and logistic curve 
(Wilson, 1977). Both curves and parameter estimates are similar but not identical. 
These curves are examples of sigmoid curves which are commonly used to model 
growth rates and other variables such as hormone levels in animals. Their 
parameters can be interpreted as initial baseline levels, rate and time of increase 
and final asymptotic levels. These curves can also be used for interpolation of 
time points which have not been observed directly. 
The Gompertz curve provided a good fit for the a, P and y caseins, an 
acceptable fit for the E-casein and a poor fit for K-casein. Therefore, K-casein was 
analysed by logistic curve, which was found suitable. The parameters can be 
interpreted as lower and upper asymptotes (corresponding to initial baseline and 
final asymptotic levels of expression), the rate of rise between the asymptotes (B) 
and the time at which levels begin to rise (M) (Table 5.2). 
The levels of a, 3 and y-casein mRNAs start to rise at around 16 to 17 
days of pregnancy (Table 5.2). The level of c-casein mRNA starts to rise much 
later. However, the estimate of M for c-casein has a very large standard error and 
is not significantly larger than the estimates of M for the other caseins. The 
standard errors of some estimates are large because of the limited number of data 
and most of the differences are not statistically significant. The rate of increase of 
expression levels (B) is greatest in 'y and second highest in -casein. The logistic 
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Table 5.2. Parameter estimates for Gompertz and Logistic curves 
Casein mRNAs Parameter estimates (Gompertz curve) Parameter estimates (Logistic curve) 
B 	 M B M 
a 0.15 +1- 0.03 	17.4 +1- 0.90 0.26 +1- 0.05 19.3 +1- 0.80 
13 0.35 +1- 0.05 	16.0 +1- 0.30 0.53 +1- 0.05 17.1 +1- 0.20 
Y 0.78 +1- 0.61 	16.2 +1- 0.30 0.63 +1- 0.13 16.9 +1- 0.40 
0.11 +1- 0.27 	32.4 +/-34.20 0.49* 27.1 
K 0.50 +1- 0.07 20.4 +1- 0.30 
- Standard errors for 6-casein were unobtainable for the logistic fit due to convergence problems. B - rate of rise; M - time in days when 
levels start to rise. 
curve of the K-casein is interpreted in a similar way as Gompertz curve but is not 
exactly equivalent. Analysis shows that the Y,-casein lies between E-casein and the 
other caseins in its rate of increase and the time at which transcripts begin to 
accumulate. 
5.3. Discussion 
Northern blot analysis of the five casein RNAs in virgin, pregnant and 
lactating mammary glands did not reveal detectable amounts of any of the casein 
RNAs either in virgin mice or at 5 days p.c. Induction of all casein RNAs except 
the -casein was observed from mid-pregnancy onwards. Even though very low 
levels of the -casein RNAs have been detected in virgin and early pregnant 
mouse mammary gland (Harris et al., 1991; Baruch etal., 1995), its induction was 
observed from mid-gestation which is in agreement with the present findings. A 
similar observation for the a, 0 , and 'y casein RNAs has also been reported for rat 
mammary gland (Hobbs, et al., 1982) while the K-casein RNAs were not detected 
in mammary glands of virgin rats (Nakhasi et al., 1984). It has been estimated that 
virgin and early pregnant mammary gland contain a low percentage (-25 %) of 
epithelial cells (Nicoll and Tucker, 1965) of which only a small proportion will be 
differentiated enough to express milk protein genes. This immature state of the 
gland presumably, accounts for the low levels of casein RNAs during these 
periods. As pregnancy advances, considerable morphological changes occur to the 
mammary epithelia. During the latter half of pregnancy, in mouse mammary 
gland, the epithelial cell volume increases -5 fold, as the alveolar structures are 
formed, and continues into lactation (Foster, 1977). It has also been estimated that 
mammary epithelial cells divide with a doubling time of about 6 days (Knight and 
Peaker, 1982). If a cell divides, the two daughter cells have 1/2 as much RNA 
each as the original cell. The RNA content of each cell increases substantially 
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with the level of mammary RNA increasing -6 fold as estimated from the 
recovery of total RNAJg of mammary tissue (Harris et al., 1991). Thus, in the 
latter half of pregnancy, an active transcription of the casein genes in a large 
number of differentiated mammary epithelial cells might account for the increased 
levels of various casein RNAs. 
Analysis of the expression profiles showed an apparent co-ordinated 
accumulation of a, 13 and y casein RNAs from mid pregnancy to the onset of 
lactation. Co-ordinated expression is also observed in the two globin gene 
families, which are located on separate chromosomes. For the proper assembly of 
globin tetramers into haemoglobins, a balanced synthesis of a and 13-globins are 
required (reviewd by Orkin, 1990). Therefore, common regulatory mechanisms 
may exist to ensure the co-ordinated expression of these unlinked gene clusters. In 
the present study, the physical map generated has shown that the casein genes are 
ordered in a tandem array in the mouse casein locus with the genes arranged a - 13 
- y - c - K. The a, 13 and y caseins are calcium sensitive caseins and transport 
quantities of calcium and phosphate to the suckling young. Considering the 
location of the genes and the similar function of the gene products, it might be 
possible that these genes are under a common regulatory mechanism which 
accounts for the co-ordinated expression of these genes in mouse mammary gland. 
The tail to tail orientation of the a and 13  genes does not appear to impede co-
ordinated expression of these two genes. However, in rats the a, 13 and y casein 
genes are not expressed in a co-ordinated manner (Hobbs et al., 1982). Thus, the 
mechanism underlying the regulation of casein gene expression appears to be 
different in these two rodents. 
The r,-casein RNAs, increased in a non-coordinate pattern with the other 
caseins (a, 13  and y) from mid-pregnancy onwards, but at a lower rate and reached 
a concentration of -30% (of that seen at 14th day of lactation) by 16th day of 
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pregnancy. This shows that a 3.3 fold increase in the K-casein mRNA level occurs 
from parturition through to mid lactation. A similar expression pattern has also 
been detected in rat mammary gland (Vonderhaar and Nakhasi, 1986) with a 4.5 
fold increase in level from mid-gestation to 14 day lactation (Nakhasi et al., 1984). 
Unlike the a, 0 , y and K casein genes the e-casein gene was expressed only 
in the lactating mammary gland. Being a calcium sensitive casein and having an 
internal position in the casein locus, close to the y-casein gene, the reason for the 
expression of E-casein gene being limited to the lactating gland (a pattern more or 
less similar to cc-lactalbumin - induction from 18th day of pregnancy; Vilotte and 
Soulier, 1992) is not clear. From the evolutionary point of view, when a single 
gene for a particular protein is present, evolutionary pressures tend to retain this 
gene in a fully functional form and prevent mutational decay and divergence. But 
if more than one copy is present, then mutational degradation of the excess copies 
might add these to junk DNA. Selection pressure does preserve intact the 
physiologically important and useful genes, and occasional retention and 
preservation of duplicate copies of genes (Markert, 1987). The great "challenge" 
for any duplicated gene is to quickly acquire the status of an independently 
regulated gene encoding a protein with somewhat distinctive biochemical 
properties that will provide an adaptive advantage under evolutionary selection 
pressure. Otherwise, such duplicated gene might undergo mutative degradation 
and become a pseudogene. 
Evolutionary analysis shows that the casein genes have evolved from two 
small gene families, the casein gene family (a, 13 , y and ; reviewed by Mercier 
and Vilotte, 1993) and the fibrinogen gene family (K; Thompson et al., 1985). By 
comparison the calcium sensitive casein genes, a, 13, y and s showed homology to 
bovine aS 1, 13 and aS2 (y and E) respectively. These genes have evolved by gene 
duplication events and the duplicated copies diverged and acquired new functions. 
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Beta casein determines the surface properties of milk and is essential for curd 
formation while a-caseins determine the capacity of casein micelles for colloidal 
calcium transport. Unlike other species, mouse milk contains three a-type caseins, 
a, y  and E. The absence of c-casein during pregnancy may be because the 
evolutionary pressure on this gene is substantially different from other casein 
genes or it may have some other specific function in milk as seen in the case of a-
lactalbumin (Brodbeck and Ebner, 1966). 
The difference in the expression profile of g-casein may also be due to the 
presence of repressor element(s) which suppress the expression of this gene during 
pregnancy as observed for WAP gene expression. It has been shown that in 
transgenic mice, due to the absence of repressor element(s) the WAP transgene 
(Burdon et al., 1991) and WAP promoter driven human tissue plasminogen 
activator hybrid gene (Pittius et al., 1988) are expressed from 13 and 10 days of 
pregnancy respectively, in contrast to the endogenous WAP gene which is induced 
late in pregnancy (from 15 days). Furthermore, transgenic mice which expressed 
WAP during gestation, prior to normal induction, the mammary gland was 
underdeveloped, contained few alveoli and resembled glands of non-transgenic 
mid-pregnant mice. Such animals failed to lactate and nurture their offspring and 
the phenotype was named 'milchlos' (Burdon et al., 1991). It may be possible that 
the early expression of c-casein might have some deleterious effect on the 
mammary gland development and mammary epithelial cell differentiation as seen 
in the early expression of WAP gene. However, this seems to be unlikely since the 
other highly homologous casein proteins are expressed during pregnancy. A clear 
understanding can only be obtained by detailed studies. 
At each time point from mid-pregnancy onwards, variations in the levels 
of casein RNAs were observed between siblings. In studies like this, such 
variations are almost inevitable since the expression levels of each gene will vary 
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between individuals. In total, 18 animals (2 separate animals at each time point) 
were sacrificed to carry out this study. However, inbred mice strains in which the 
individual mice are genetically identical make such studies more robust than 
comparable work with outbred species. The noise in the experimental data can be 
attributed to environmental effects or limitations of the techniques followed. 
Alterations in placental lactogen level and circulating corticosterone can cause 
such variations since placental hormones can replace, at least in part, pituitary 
homones during mid to late gestation. It has been shown that prolactin can be 
substituted by placental lactogen (Markoff and Talamantes, 1980). The serum 
concentration of prolactin is low in mouse during the latter half of pregnancy, 
whereas the placental lactogen concentration starts to rise on day 9 and reaches a 
high level on day 14 of pregnancy (Thordarson and Talamantes, 1987). Although 
the serum concentration of growth hormone increases during the latter half of 
pregnancy its elevation is not as pronounced as that of placental lactogen. It is also 
known that the serum concentration of placental lactogen is positively correlated 
with litter size (or number of placenta). Thus, one explanation for some of the 
variations in casein gene expression between individuals could be the number of 
embryos/foetuses each female was carrying or the number of pups they are 
suckling. Moreover, circulating corticosterone also increases slightly, before day 
10 of pregnancy but thereafter a sharp increase in plasma concentration occurs 
reaching the highest values at day 16 of gestation (Barlow et al., 1974). Mammary 
gland growth and differentiation will not proceed in the absence of manimotropic 
hormones, prolactin, growth hormone or placental lactogen. It is, therefore, likely 
that placental lactogen is the most important lactogenic hormone during the latter 
half of pregnancy in the mouse, since prolactin concentration is low at this time 
and growth hormone does not appear to be as potent a lactogen as either placental 
lactogen or prolactin (Thordarson and Talamantes, 1987). 
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The levels of the casein RNAs (except c) increased 2 to 3 fold from the 
later stages of pregnancy through to mid lactation. In mammary epithelial cells, 
prolactin acts in concert with other lactogenic hormones such as glucocorticoid 
and insulin to induce various milk protein RNAs. Studies on the promoter regions 
of 3-casein, WAP and -1actoglobulin identified various transcription factors such 
as nuclear factorl (Li and Rosen, 1995), mammary gland factor (MGF) or milk 
protein binding factor (MPBF), now known to be Stat5 (Schmitt-Ney et al., 1991; 
Watson et al., 1991) and DNA sequence elements like composite response 
element (CoRE; Raught et al., 1995) which mediate the response to lactogenic 
hormones. The elevated levels of lactogenic hormones and their co-operative 
action with various transcription factors might account for the additional 2-3 fold 
increase in the level of the casein RNAs from late pregnancy to lactation. 
Regulation of the casein genes in rodents appears to be under both positive 
(Schmitt-Ney et al., 1992a, b) and negative (Altiok and Groner, 1994; Meier and 
Groner, 1994) influences, as increases in casein mRNA abundance at parturition 
(Hobbs et al., 1982) has been explained by a lowering of serum progesterone that 
reduces a negative influence (Lee and Oka, 1992) and allows the mammary cell to 
respond to the positive influence of increased serum prolactin. Although the 
casein genes are arranged sequentially on the same chromosome in mouse and in 
other species like bovines and caprines (Ferretti et al., 1990; Leroux and Martin, 
1996) the expression profiles suggest that the casein gene locus is not overall, 
under complete co-ordinate regulation. 
The presence of a locus control region (refer to introduction) in the casein 
locus is still under investigation. Unlike the human -globin locus, where 
expression of each gene is temporally and spacially regulated, all the genes in the 
casein locus are expressed in the pregnant and lactating mammary gland. 
Moreover, it has been shown that -casein deficient mice do not show any 
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alteration in phenotype and/or the micelle forming ability of caseins (Kumar et al., 
1994). Since deletion/alteration of the globin locus results in anaemia, it appears 
that selection pressure on the globin locus is much stronger as compared to the 
casein locus. The present study showed that the a, P and y casein genes exhibited 
a co-ordinate pattern of expression from mid-gestation, even though the levels of 
expression varied by the onset of lactation. Perhaps, since the a, P and ' casein 
genes show the highest and earliest expression, the candidate region to look for a 
LCR (if such a region is present in the casein locus) is the region encompassing 
the a, 3 and y genes. 
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Chapter 6 
Identification of genetic variation at the casein loci by 
restriction fragment length variation 
6.1. Introduction 
As discussed earlier (see section 1.2.5) there have been extensive studies 
of genetic variation at the casein loci. Most of this research has focussed on the 
dairy species of domestic animals, namely cattle, sheep and goats. The possibility 
of relationships between milk protein polymorphisms and dairy performance has 
driven these research programmes. The value of milk protein polymorphism as a 
tool in selective breeding has been discussed in detail by Ng-Kwai-Hang and 
Grosclaude (1992). 
Initially genetic variation at the casein loci was studied at the protein level. 
Casein variants were identified by gel electrophoresis for bovine aS 1, aS2, P and 
K-caseins (reviewed by Fiat and Jolles, 1989) and caprine aSi-casein (Boulanger 
et al., 1984). The limiting factors for such studies are 1) only some of the changes 
in the nucleotide level cause a change in amino acid/protein and an overall change 
in the charge that cause an alteration in electrophoretic mobility 2) lactating (i.e. 
older) females are needed for the production of milk. 
More recently, variation in milk proteins has been studied at the DNA 
level, using RFLPs (restriction fragment length polymorphisms), PCR 
(polymerase chain reaction), PCR-ACRS (polymerase chain reaction-
amplification created restriction sites) and PCR-RFLPs. 
Studies on genetic variation at the murine casein loci are very limited. 
Analysis at the protein level did not reveal any casein polymorphism in various 
inbred strains of mice. However, by urea-gel (pH 3.7) electrophoresis Piletz and 
Ganschow (1981) observed a protein variant, probably a casein (type not 
specified) in Mus musculus castaneus. Linkage data at the murine casein loci is 
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also very limited. Geissler et al. (1988) mapped the W19H  deletion (W- white 
spotting locus) proximal to the casein cluster and showed that the a and P casein 
genes are linked in mice. They observed TaqI RFLPs in a and 13-casein loci but 
were unable to detect a RFLP for y-casein locus. In the linkage map of mouse 
chromosome 5, the a and P casein gene loci are located at E39 and E40, flanked 
by W-locus and Hmgl 7-rs6 locus respectively. 
The experiments performed with a few selected enzymes to search for 
polymorphic sites at the casein loci in eight inbred strains of Mus musculus and 
between Mus musculus and Mus spretus are described in this chapter. 
6.2. Results 
High molecular weight genomic DNA was prepared from eight different 
strains of Mus musculus, 129, C57IBL6, C3H, DBA, NIH, BALB/c, SJL and 
CBA and from Mus spretus. A panel of five restriction enzymes were selected, 
BamHI, Sf1, EcoRI, XbaI and Hindill. On the basis of preceding results (chapter 3 
and 4) it was expected that in BamHI and Sfl digests the casein gene probes 
would reveal large DNA fragments. The digested DNAs were electrophoresed on 
conventional horizontal gels except BamHI and Sf1 digestions, which were 
resolved by pulsed-field conditions. The gels were Southern blotted onto 
positively charged nylon membranes (Boehringer Mannheim). The blots were 
analysed with various casein probes - a, 7,  and K - cDNA and - 3' genomic 
fragment (Sail/Sacl fragment, refer to Fig. 2.1 in section 2). 
No variation in restriction fragments as generated by the five enzymes was 
detected with the casein probes amongst the inbred strains of Mus musculus (Fig. 
6.1 to Fig. 6.5). Between the strains, weakly hybridised fragments were also seen 
in the various digestions on probing with different casein probes, which appeared 
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to be due to some incomplete digestion of the DNA (ladder like hybridisation 
bands). 
Between the two species (Mus musulus and Mus spretus) the five enzymes 
generated restriction fragment length variants (RFLVs) at the casein loci with the 
following combinations of restriction enzymes and probes: a-casein - BamHI, 
Sf1, XbaI, EcoRl; 3-casein - BamHI, Sf1; y-casein - BamHI, Sf1!, XbaI, Hindlil 
and EcoRI; c-casein - BamHI, Sf!, Hindlil, EcoRI; K-casein - BamHI, XbaI, 
Hindu! 
cc-casein locus: 
Of the five restriction enzymes used, all the enzymes except Hindill, 
generated polymorphic restriction fragments in the cc-casein locus (Fig. 6.1). 
Hindu! produced a monomorphic fragment of -4.3 kb in both the species. The 
fragments generated by the four enzymes showed a two-allele polymorphism with 
approximate fragment sizes as shown below: 
Fragment size (kb) 




Musmusculus 	25 +40 	50 	9.5 	3.8+ 4.1 
13-casein locus: 
Unlike the a-casein locus, the 13-casein locus exhibited two allele 
polymorphisms only with the enzymes, BamHI and Sf!, which generated large 
fragments (Fig. 6.2). The fragments produced were, 
Fragment size (kb) 
Restriction enzyme BamHI 	Sf! 
Mus spretus 	20 	30 + 70
* 
Musmusculus 	40 	50 
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Fig. 6. 1. Restriction fragment length variant (RFLV) analysis of the cc-casein locus of Mus spretus and eight inbred strains of Mus 
musculus. 
They are 1. Mus spretus 2. 129 3. C57/BL6 4. C3H 5. DBA 6. NIH 7. BALB/c 8. SJL 9. CBA. The enzymes used are shown 
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Fig. 6.2. Restriction fragment length variant (RFLV) analysis of the 3-casein locus of Mus spretus and eight inbred strains of Mus 
musculus. 
They are I. Mus spretus 2. 129 3. C57/BL6 4. OH 5. DBA 6. NIH 7. BALB/c 8. SJL 9. CBA. The enzymes used are shown 
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The frequent cutting enzymes, XbaI, Hindill and EcoRI generated similar sized 
fragments of 2.5 kb, 3.1 kb and 10 kb respectively in both the species. The 70 kb 
fragment observed in a and f3 casein probing appeared to be a partial digestion 
product due to the low intensity of hybridisation as compared to the 40 and 30 kb 
fragments. 
7-casein locus: 
All five enzymes generated polymorphic fragments in the y-casein locus 
and showed two allele polymorphisms (Fig. 6.3). The following polymorphic 
fragments were observed in the two species. 
Fragment size (kb) 
Restriction enzyme 	BamHI 	Sf1 	XbaI 	Hindlil 	EcoRI 
Musspretus 	15+23 20+40 	3.5+5.5 	3.0+4.0 10+5.5 
+4.5 




At the E-casein locus XbaI generated monomorphic fragments (13 kb) in 
both the species. The polymorphic fragments produced (Fig. 6.4) by the other 
enzymes were as follows: 
Fragment size (kb) 
Restriction enzyme 	BamHI 	Sf1 	Hindill 	EcoRI 
Musspretus 	 25 	80 	4.5 	6.5 
Mus musculus 	30 	35 	4.5+ 6.5 	9.0 
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Fig. 6.3. Restriction fragment length variant (RFLV) analysis of the 7-casein locus of Mus spretus and eight inbred strains of Mus 
musculus. 
They are 1. Musspretus 2. 129 3. C57/BL6 4. OH 5. DBA 6. NIH 7. BALB/c 8. SJL 9. CBA. The enzymes used are shown 
on top of each autoradiogram. The sizes of the fragments are shown in kb. 
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Fig. 6.4. Restriction fragment length variant (RFLV) analysis of the -casein locus of Mus sprelus and eight inbred strains of Mus 
musculus. 
They are 1. Mus spretus 2. 129 3. C571BL6 4. C3H 5. DBA 6. NIH 7. BALB/c 8. SJL 9. CBA. The enzymes used are shown 
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K-casein locus: 
Three enzymes yielded polymorphic fragments in the K-casein locus (Fig. 
6.5). The enzymes and fragment sizes are detailed below. Sill and EcoRI 
generated similar sized fragments, 35 and 7 kb respectively in both the species. 
Fragment size (kb) 
Restriction enzyme 	BamHI 	XbaI 	Hindlil 
Musspretus 	 25 	2.8+3.9 	3.0 
Musmusculus 	20 	2.8+5.0 2.7+3.0+3.8 
Thus, restriction fragment length variation analyses with five different 
enzymes indicated biallelic polymorphic differences in the five casein loci 
between Mus musculus and Mus spretus while no polymorphism was observed in 
the inbred strains of Mus musculus. 
6.3. Discussion 
RFLP analysis of the inbred strains of Mus musculus showed 
monomorphic restriction fragments at the casein loci with all selected enzymes. 
This suggests the occurrence of similar alleles in all the five casein loci, a, 3, 'y, 
and K of the analysed strains. Since the various strains under study were generated 
by inbreeding which allows homogenisation of the DNA, the presence of the same 
allele in all these strains was expected. Piletz and Ganschow (1981) analysed milk 
proteins from 58 inbred strains of mice and showed a protein variant, probably a 
casein which was electrophoretically separated on pH 3.7 urea gels but was not 
detectable on pH 9.5 urea gels, only in Mus musculus castaneus. The absence of 
casein variants with the other 57 strains supports the present finding. 
Polymorphic differences between Mus musculus and Mus spretus were 
identified for all five casein loci, with the two species apparently fixed for 
different alleles at each locus. This finding is in accordance with studies of many 
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Fig. 6.5. Restriction fragment length variant (RFLV) analysis of the K-casein locus of Mus spretus and eight inbred strains of Mus 
musculus. 
They are 1. Mus spretus 2. 129 3. C57/BL6 4. OH 5. DBA 6. NIH 7. BALB/c 8. SJL 9. CBA. The enzymes used are shown 
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other loci in these two species of mice. The level of polymorphism was high at the 
casein loci except at p-locus, in which only BamHI and Sill showed polymorphic 
sites. All five restriction enzymes, BamHI, Sf11, XbaI, Hindlil and EcoRI showed 
polymorphic sites in the y-casein locus. Four enzymes revealed polymorphic sites 
in the a and c-loci while in the K-casein locus three enzyme sites were 
polymorphic. 
Restriction enzymes, BamI-1I and Sf1! were used to construct the physical 
map of the casein locus (stain 129 of Mus musculus). Therefore, comparison of the 
fragments observed in the casein loci of the two species might help to understand 
the location of the sites of these enzymes in the two species. 
a-3 loci: 
Two independent BamHI fragments were observed for the a (25 kb) and 3 
(20 kb)-casein loci of M spretus while a common 40 kb fragment was revealed 
with both a and 13-casein probes in addition to an independent 25 kb fragment 
found for a in M musculus. Thus, the BamHI fragments in M spretus do not 
indicate any evidence for the linkage between the a and 13  casein genes. The 
enzyme, Sf11 produced 70 kb + 40 kb and 70 kb + 30 kb fragments in the a and 13-
casein loci of M spretus respectively, where the smaller fragments together (40 + 
30 = 70) constitute the size of the large fragment (70 kb), suggesting that the 70 
kb fragment is a partially digested fragment and giving fairly good evidence for 
the physical linkage of the two genes in M sprerus. The low hybridisation 
intensity of the 70 kb fragment compared to the other fragments is also suggestive 
of partial digestion. This suggests that there is a Sf11 site between the a and 13-loci 
in M sprerus with the genes contained in 40 and 30 kb Sill fragments respectively 
against a single 50 kb fragment encompassing both the genes in M musculus. The 
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variation in sizes of BamHI and Sf11 fragments between the two species propose 
the concurrent addition and deletion of these enzyme sites in M spretus. 
As per the physical map generated (M musculus), it is evident that the a 
and 3 casein genes are located very close to each other with an intergenic region 
of about 8 kb. Comparing the sizes of the BamHI fragments ((x + -loci), the 
fragments together constitute 45 kb and 65 kb in M spretus and M musculus 
respectively. Examinig the evolutionary divergence of satellite DNA sequences, 
revealed a marked reduction in the relative abundance of major satellite DNA, 
probably due to deletion, in M spretus (-1%), as compared to M musculus 
(-10%) (Brown and Dover, 1980; Matsuda and Chapman. 1991). It has also been 
shown that the reduction in the centromeric satellite DNA was not localized to a 
specific chromosome, but dispersed on several chromosomes (Matsuda and 
Chapman, 1991). Therefore, an alternate suggestion is, perhaps a deletion 
occurred in M spretus DNA might have caused a shift in the enzyme sites across 
the casein locus, which account for the variation in the fragment sizes. This 
speculatation can be clarified only after detailed physical mapping studies in the 
casein locus of M spretus. 
Polymorphic sites for the frequent cutting enzymes, such as XbaI and 
EcoRI were also present in (x-casein locus but all three enzymes, XbaI, Hindu! 
and EcoRI showed monomorphic fragments for the -casein locus. 
and K-loci: 
Small variations in size of BamHI fragments of 'y, E and K casein loci 
M. spretus —23 and — IS kb against 25 and 10kb in M. musculus; c- —25 kb in M 
spretus against 30 kb in M musculus; K- —25 kb in M spretus against 20 kb in M 
musculus) were also observed between M spretus and M musculus while the 
number of fragments were the same in both the species. But with the enzyme Sf11, 
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the y-casein locus of M spretus showed two fragments (20 + 40 kb) against one 
fragment (60 kb) in M musculus. This suggests the formation of an additional Sfl 
site in the y-locus of M spretus or the loss of the site in M musculus. The Sf! 
fragment observed in E-locus was larger in size (-80 kb) in M spretus compared 
to the fragment in M musculus (35 kb). The variations in sizes might be due to the 
appearance of new sites as well as deletion of existing sites during evolution. 
The enzymes XbaI, Hindill and EcoRJ also showed polymorphic sites in 
the y-casein locus. Between the two species variations in the number and size of 
fragments were observed with XbaI. Restriction enzyme, Hindlil produced 
fragments of varying size but of same number in the two species. EcoRI produced 
two fragments, of which one was of similar size in both the species. Polymorphic 
fragments were detected in -casein locus with Hindill and EcoRI. Hindlil 
produced a similar sized fragment in the two species. XbaI and Hindlil also 
showed variations in fragment sizes at the K-casein locus. XbaI revealed one 
fragment of the same size at the K-locus in both the species. Presence of similar 
sized fragments with an enzyme at the same locus of the two species suggest that, 
at least two sites for that enzyme are located at similar positions in that particular 
locus. 
Restriction fragment length polymorphisms with various enzymes have 
also been identified in the casein loci of other species such as, bovines, ovines, 
caprine and porcines (Threadgill and Womack, 1990; Di Gregorio et al., 1991; 
Leroux et al., 1990; Archibald et al., 1994). 
As described in the previous sections (chapter 3 and 4) the casein genes 
are physically linked and contained in a 250 kb genomic fragment in mouse 
genome. Similar findings have also been reported in cattle (Threadgill and 
Womack, 1990; Ferretti et al., 1990) and goat (Leroux and Martin, 1996). Lien et 
al. (1993) analysed 330 single sperm cells and observed no recombination in the 
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casein loci. A similar, lack of recombination was also observed between the casein 
loci of pigs (Archibald et al., 1994). All these findings indicate tight genetic 
linkage between the casein loci as would be predicted from the close physical 
proximity of the individual casein genes to one another. 
Crosses between laboratory mice and the highly divergent wild-derived 
Mus species, Mus spretus, are a powerful tool for the analysis of genetic linkage 
(Avner et al., 1988). The polymorphic information obtained from the restriction 
analysis can be used to locate the casein gene cluster in the genetic map of mouse 
chromosome 5. The limited linkage data for the murine a and P casein loci places 
them 1 cM apart (Geissler et al., 1988). But in the physical map constructed, I 
have shown that the a and P casein genes are situated only -8 kb apart. However, 
the genetic distance between the a and P genes has been estimated on the basis of 
a single/putative recombination event. Thus, the current apparent overestimate of 
the genetic distance between the a and 3 genes may be explained in several ways - 
chance observation of a rare event, a genotyping error or a real deviation from the 
average relationship between genetic and physical distances (1 cM = --1.7 Mb in 
mice). In collaboration with Nancy Jenkins and Neal Copeland, Mammalian 
Genetics Laboratory, ABL-Basic Research programme, NCI-Frederick Cancer 
Research and Development Center, Frederick, Maryland 21702, USA, the casein 
gene cluster has been added to their genetic (gene) map by linkage analysis using 
the Y,-casein RFLP. As expected the Y,-casein locus maps to chromosome 5 
between Pdgfra and Alb I. The limited recombination close to the ic-casein marker 
would make it very difficult to orientate the casein gene cluster by linkage 
analysis in this population (Fig. 6.6). Their extensive gene map of the mouse is 
based on a M musculus/ M spretus cross (Dietrich et al., 1996). 
138 
5 
Gsh3> Gnail. Agu.st Se,na3, LLL £.L Fz2.rsl, 
Sap420 	 'Neir:n2-rsl 
D5C ur 1 
Lr.2,Pfw107, 5Hi5b-rsl, 	.Yer, MbcS 
JJ., 8117c 
Mpvi7,5H4S43 Fra2,P10a. Yes.JrgI, 35p2 	dra2c. 








7p2 i2 15 





4q11-q12, 4q12. 4q12 
4q11-q13 
'k13-q2l 
21q21 4p14-q21, 4q21 
1p22 
22q11.2-q13.1. 22q11.2 
22q11, 22qll.2-q12, 22q11.2-q12. 12 
Igg, Gshl, Ciicg. Tik 
1U Elki 
Nrnyc-rsl, D5Lehl, ResL/Nrsf 
Mtv32, Riki, Pik35, Csn 
ik1 
Sdgt'/g, Btc 
Bm-ra, FY-M ,1LI&. 
Ev15, Pall, QflJ., Ice). D517crl , Tslpr, Bg71Tgfbr3, Af4, 
Crvba4, Crvbbl'tmpL 2ccpi. Sc! 
Adrbk2. Krkl -rsl, Crvbba. Crvbb2, Qg 
Erkia, Shptp2, LhxS 
1j,Gcl9 
Eps7 
Cdp 	' Qj2. Trs -rsl , IL&. B1g12 
P249 G3  
Z1p70 
Pd2fa, Prkarib, Lb31 1, P66BXH2 , Pam25h3d 
Pms2, FIk2[FIL3L.ELLL, Gsh2, G17-4, Gna12, 
"Acti. Gc16. Box], Ccnbl-rsl, Narp, Radb163 
7q22 
7q21.3 -q22.1, 7q21.3-q22.1. 77 
7p22, 7pter-p22 
7p22, 13q12, 13q12 
Fig. 6.6. Linkage map of mouse chromosome 5 showing the 
location of casein gene cluster between Pdgfra and Albi. 
The cluster has been added to the genetic map by linkage 




The data obtained in the present study permit me to confirm the existence 
of five different casein genes and their position in the mouse genome. The whole 
casein locus is containined in a 250 kb genomic DNA fragment, in which the 
genes are arranged in the order a, P, y, c and K. The a, y and K genes are oriented 
in the same direction whilst the 13  gene is in the opposite direction. The orientation 
of the c gene remains unresolved. 
7.1. Evolutionary analysis of casein genes 
Knowledge of the locus organization allows me to draw conclusions 
regarding the evolution of casein genes. Nucleotide sequence analysis of a number 
of casein mRNAIcDNAs from different species reveals considerable species 
divergence. However, the hypothesis of a common ancestor for the a and 13 genes 
is supported by the presence of common sequence motifs in the proximal 5' 
flanking regions and the similar organization pattern of the first four exons 
(reviewed by Mercier and Vilotte 1993). Although the K-casein gene is linked to 
the other casein genes, in mice (finding of the present research), cattle (Threadgill 
and Womack, 1990) and pigs (Archibald et al., 1994, 1995; Rohrer et al., 1994) it 
does not share any common sequence motifs with the other casein genes and is 
thought to be evolved from the fibrinogen gene family (Thompson et al., 1985). 
Interestingly, the fibrinogen gene cluster maps to the same chromosome as the 
casein genes in humans (HSA 4) and pigs (SSC 8) but not in cows (fibrinogen, 
BTA 17; casein BTA 6) or mice (fibrinogen, MMU 3; casein MMU 5). 
Comparison of the bovine/caprine and murine casein loci suggests that a further 
gene duplication has occurred in the murine lineage with murine y  and c sharing a 
common ancestor with bovine/capnne aS2. The occurrence of a fifth casein gene 
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is not recorded in cattle or goats. Thus, the presumed homology between the genes 
encoding murine a, 13  and K and bovine/caprine aS 1, 13  and K caseins is supported 
by sequence similarity and conserved gene order. 
Thus, the caseins can be considered to be encoded by members of two 
small gene families - the casein gene family (a, 13,  y and c) and the fibrinogen 
gene family (K). The functions of members of gene families range from those with 
extremely diverse functions, such as the protein kinase family (Hunter, 1987), 
those with very variable members such as immunoglobulin genes (Hood et al., 
1975) and to those consisting of uniform members like ribosomal RNA genes 
(Dover, 1982). All existing gene families are the products of millions of years of 
evolution, and the organization and diversity of each family reflect the effects of 
natural selection. The simplest way to acquire new functions would be through 
duplication of a whole gene with subsequent differentiation by nucleotide 
substitution (Ohta, 1983a). 
The clustering of the casein genes (a, P, -y, c) can be explained by the gene 
duplication mechanism. The tight linkage between the ic-casein and fibrinogen 
genes in pigs supports the hypothesis that these are members of the same gene 
family, that have arisen by gene duplication. The proximity of the putative 
ancestral casein and fibrinogen genes is retained in pigs but has been 
progressively disrupted in other lineages. In humans the fibrinogen and casein 
genes are still on the same chromosome but are now much further apart possibly 
as a result of an intra-chromosomal inversion (Ellegren et al., 1993). The location 
of the ic-casein gene in humans is unknown. 
7.2. Regulation of expression 
Once the arrangement of the casein genes - a tightly linked cluster - was 
exposed it was of interest to look into their expression profiles. Close proximity 
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and co-ordinated expression of the casein genes, a, P and y might imply the 
presence of a common regulatory region such as a locus control region (LCR). 
The map that I have developed will be of great help in unraveling the regulatory 
regions, independent or shared between the casein genes. Knowledge of such 
regulatory regions especially if shared elements such as a LCR can be identified 
would not only contribute to the understanding of the control of gene expression 
in gene clusters but would aid transgene construct design. For example, such 
information would allow the design of transgenes that are more likely to exhibit 
correct spacial and temporal regulation of expression in the mammary gland. 
Using my detailed map and the characterised contig/clones as a starting point and 
tools respectively, one of the post -doctoral scientists in our Division will scan the 
murine casein locus for a locus control region. 
7.3. Application in transgenic studies 
The characterisation of the murine casein locus has potentially significant 
applications in the field of transgenic studies pertaining to the production of novel 
proteins through milk as well as altering the composition of milk. The advent of 
transgenic animals and cloning vectors like YACs (yeast artificial chromosomes), 
BACs (bacterial artificial chromosomes) and PACs (P1 based artificial 
chromosomes) (Monaco and Larin, 1994) has made it feasible to manipulate large 
genes or even gene complexes in the laboratory before introducing them into the 
genome. It has been shown that such large cloned fragments can be introduced 
into the mouse germ line (Schedi et al., 1993) and transgenic mice carrying such 
exogenous DNA can be established. Thus, the BAC clones that I have 
characterised could allow transgenic approaches to study the entire casein locus. 
Transgenic mice in which the transgene is delivered as a large fragment - 
from a YAC, PAC or BAC - may allow the gene of interest to be studied in 
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approximately the right context. However, the vagaries of random integration and 
the resulting position effects limit the conclusions that can be drawn from 
transgenic animals generated by microinjection. 
Thus, increasingly genetic material is introduced into transgenic mice by 
homologous recombination in embryo-derived stem (ES) cells such that the site of 
integration is known (McFarlane and Wilson, 1996). As yet, such gene targetting 
technology has not been established in dairy animals such as cattle, sheep and 
goats. Nevertheless, for germ line manipulation studies of the casein locus of 
higher animals, the mouse can be used as an excellent model system for 
evaluating the effects of locus manipulation and can be achieved through ES cell 
manipulation. Correct modification of the endogenous genes is possible by 
homologous recombination techniques (Capecchi, 1989). Gene 'knockout' studies 
will help to understand the functions of specific genes in vivo. For example, no 
deleterious effect was detected in 13-casein deficient mice either in fertility or in 
lactation and nurturing the young. However, in such mice the casein micelle size 
was significantly smaller, probably due to an increase in ic-casein content (Kumar 
et al., 1994). In contrast, to the 3-casein deficient mice, mice developed with a 
knocked-out a-lactalbumin gene have problems during lactation due to their 
inability to synthesise lactose. The milk was highly concentrated and viscous and 
the pups were unable to suck it from the mammary gland (Stinnakre et al., 1994). 
Not only can genes be knocked out by homologous recombination, it is possible to 
replace a gene with another one (Stacey et al., 1994) and preciesly substitute a 
single base pair (Hasty et al., 1991) at a particular locus. 
Appropriate well mapped cloned DNA for the gene(s) of interest is 
essential for genetic manipulation by homologous recombination. Moreover, there 
is clear evidence that the success or frequency of homologous recombination is 
increased by using DNA that is identical to or isogenic with the target locus 
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(teRiele et al., 1992). Most mouse ES cell lines are derived from the 129 strain of 
inbred mice. Thus, the clones (that comprise the casein locus contig described 
here, were derived from 129 mouse DNA) along with the map information will be 
invaluable for future genetic manipulation of the casein genes/locus in transgenic 
mice. Indeed, Dr. Satish Kumar, Centre for Cell and Molecular Biology, 
Hyderabad, India has initiated such experiments using my clones and map 
information. 
The casein genes are found physically close to one another not only in 
mice (within a 250 kb fragment) but also in cattle (within a 200 kb fragment, 
Threadgill and Womack, 1990; Ferretti et al., 1990) and goat (within 250 kb 
fragment, Leroux and Martin, 1996). The casein genes are also very tightly linked 
in terms of genetic map or recombination distances. For example, no 
recombinants were observed between the bovine casein genes in a study of 330 
single sperm cells from a bull heterozygous at the a, P and K casein loci (Lien et 
al., 1993). Similarly an absence of recombinations between casein genes have also 
been reported in pigs (Archibald et al., 1994) and in sheep (Leveziel et al., 1991). 
Although, the frequency of recombination within the casein locus is low 
many different casein haplotypes are observed in cattle (reviewed by Ng-Kwai-
Hang and Grosclaude, 1992). Therefore, despite the lack of observed 
recombinants there is scope for selection of desirable casein haplotypes. Such 
marker assisted selection should be successful as the disruption by recombination 
of the selected haplotype should be rare. The lack of recombination, however, 
limits the scope for establishing new haplotypes by conventional breeding. Thus, 
the use of transgenic technology, once gene targetting methods are established in 
dairy animals, may be an efficient means for altering the composition of milk. 
Meanwhile such changes can be modelled in transgenic mice. 
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7.4. Application to enrich mouse genetic map 
The lack of recombination within the casein locus will make it difficult to 
orient the casein gene cluster on the mouse genetic (linkage) map. However, by 
mapping one of the restriction fragment length polymorphisms described here the 
casein gene cluster can be added to the mouse gene and genetic maps. In the 
physical map I have generated, the cx and 13  casein genes are situated only -8 kb 
apart while the limited linkage data for the murine a and 13 casein loci places them 
1 cM apart (Geissler et al., 1988), as estimated on the basis of a single/putative 
recombination event. Thus, the current apparent overestimate of the genetic 
distance between the a and 13 genes may be explained in several ways - chance 
observation of a rare event, a genotyping error or a real deviation from the average 
relationship between genetic and physical distances (1 cM = —1.7 Mb in mice). 
In collaboration with Nancy Jenkins and Neal Copeland, Mammalian 
Genetics Laboratory, ABL-Basic Research programme, NCI-Frederick Cancer 
Research and Development Center, Frederick, Maryland 21702, USA, the casein 
gene cluster was assigned to chromosome 5 on their genetic (gene) map by 
linkage analysis using the K-casein RFLP. As appropriate recombination events 
close to the K-casein locus are not present in the Frederick mapping resource, it 
would not be worthwhile to score the a-casein RFLP in this population and orient 
the casein gene cluster. The limited number of meioses in the Frederick cross 
limits the scope for ordering genes that are physically very close to each other. 
Although, at present, I will not be able to continue with developing the 
project, others have already started research on the mouse casein locus that 
depends on the resources and information that I have developed. But the training I 
received in molecular biology research methodology will certainly be useful to set 
up a molecular biology laboratory in the University where I am going to continue 
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